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ver frozen prairies 


-TP- Aero 

protects your motor 


free— 



-TP- Aero, the original and only all paraffin 
base ZERO POUR TEST oil, will keep its 
fluidity as low as 40 degrees below zero. This 
is a straight run and not a blended or com- 
pounded oil. Its wax free feature is re- 
sponsible for its low cold test as well as its 
outstanding fluidity at extremely low temper- 
atures. It also holds its viscosity at extremely 
high motor temperatures. It is an entirely 
new oil, made especially for aircraft motors. 
If your dealer cannot supply you, advise us. 



Texas Pacific Coal & Oil Co, 



Oil 
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BAjrwn.si 

PATHWAYS into the SKY 


S INCE 1903, Barrett Company engineers have specialized in road construction 
and maintenance in every section of the country. These men know how to 
utilize local materials— how to cope with local difficulties. They have made 
possible the tremendous mileage of Tarvia roads. 

Now — a new field. Take advantage of the Tarvia man’s vast fund of accumu- 
lated knowledge. Let him help you with this new problem. 

Tarvia runways are resilient. They are economical — may be constructed 
largely of local materials. They are mudless, dustless and skid-safe. 

For further information, get in touch with the Tarvia man at our nearest branch- 


Th e Company 



THE BARRETT COMPANY, Limited: Montreal, Tore 


Birmingham 

Bethlehem 
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You are never far from 
your next tankful of SOCONY 

Y OU’LL find Socony Aviation Gasoline and Air- 
craft Oil almost everywhere in New York and 
New England. Even in emergency landings, you can 
count on the Socony truck to arrive first. 

Aviators have learned, like motorists, that Socony 
stands for quality products — available all over New 
York and New England. 


In the Southwest use the products of Magnolia Petroleum 
Company, and on the Pacific coast standardize on General 
Petroleum Corporation products. These are two important 
subsidiaries of Standard Oil Company of New York 


SDCDNY 


AVIATION GASOLINE— AIRCRAFT OIL 


STANDARD OIL COMPANY OF NEW YORK 

THANK YOU In mentiamug AVIATION 
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are equipped with 

BENDIX wheels and brakes 


Alive to the vital part played by good brakes in avia- 
tion of the present and future, the Buhl Aircraft 
Company equips its AIRSEDANS — both Senior 
and Special models — with Bendix wheels and brakes. 

It is natural that aviation engineers the world 
over should eagerly welcome this practical contri- 
bution to more efficient operation. 

Their indorsement is based on these recognized 
and exclusive Bendix features — 

perfect streamline high efficiency 

strength light weight 

precision workmanship water- tightness 

All standard sizes in regular production 


Adopted on 

ADVANCE WACO "10" 
BOEING SCOUT 
BUHl. AIRSEDAN 
CONSOLIDATED COURIER 
CURTISS FALCON 
CURTISS TRAINING 
DOUGLAS BOMBER 
FAIRCHILD CLOSED CABIN 

MARTIN NAVY BOMBER 
RYAN BROUGHAM 
TRAVELAIR CLOSED CABIN 


BENDIX BRAKE COMPANY 
(jeneral Offices and Plant: South Bend, Indiana 

BENDIX 0 BRAKES 

FOR SAFETY 
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Install the “Challenger” Engine in Your Ship — 
It Gives You: 


Smoothness: The “Ch,llen S erV' 

unique arrangement of six cylinders on a 
two-throw crankshaft provides more per- 
fect dynamic balance than is obtainable with 
any single row radial type of engine. For 
this reason the “Challenger” is exception- 
ally smooth in operation. 

Reliability . One-two-three SO hour 
runs on the block, plus hundreds of hours 
of flight-testing in the air— have established 
the unfailingly reliability of !he“Challenger” 
engine, a fact attested everyday by “Chal- 
lengers” in actual service. 

EcOflOiny . Casey Jones on a recent 
6000 miles transcontinental flight with a 
Curtiss “Challenger” averaged \l l A miles 
to the gallon of gas, without any expense 
for replacement or repairs. 

And — 

Curtiss Engineering Cooperation 

With every “Challenger"goes the assistance 
of the Curtiss Engineering staff in designing 
your installation so that the “Challenger” 
may bring to your ship 100% of its known 
smoothness, reliability and economy. 

The "Challenger” is the product of the same 
engineers who have produced engines for 
the U. S. Army £? Navy planes with note- 
worthy success. Now the “Challenger” 
affords the same kind of performance in 
commercial use. 

Eight representatives manufacturers have 
already purchased “Challengers” for im- 
mediate installation in their aircraft. If you 
want a “Challenger” for the coming season, 
hetter place your order now. 


INCORPORATED 

GARDEN CITY, LONG ISLAND, NEW YORK 

Sole Sales Agents in United States 



Breaking all records 
for sustained flight 

hi 



The Army Fokker, “Question 
Mark,” powered with three 
200 hp. Whirlwind Engines 
equipped with 

SCINTILLA 

Aircraft Magnetos 



SCINTILLA MAGNETO CO., INC. 

SIDNEY, NEW YORK 
Contractors to the U. S. Army and Navy 


THANK YOU lor 
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Future Production 

O NE of the fundamental problems which faces the 
board of directors and stockholders of every air- 
craft concern is the number of different types which 
they shall produce. Off hand, it would seem as if the 
best policy was to bring out several different types, and, 
if possible, a complete line. Not only does this give a 
wider field for manufacturing, and thereby increases the 
possibilities of large volume, but, more important still, 
it gives an opportunity of supplying distributors and 
dealers with the various types which their customers may 
demand. 

During 1928 there was a decided tendency to increase 
the number of types turned out by aircraft constructors, 
or to achieve the same end by combinations of manu- 
facturers producing different types. Especially during 
this formative period, when the popular type cannot 
be predicted with too great accuracy, it may be well to 
have several different types under way. 

In making their decision, however, the directors should 
not overlook the importance of concentration. Few 
people can be equally good at a variety of things. Most 
of them, if they are to be successful, must concentrate 
on one particular speciality. Too much time and effort 
cannot be spent on the design and construction of a 
plane. A plane may be outwardly much the same from 
one year to another, but actually it may be either vastly 
improved or may be not so good. For example, the air 
mail operated De Havillands, designed in 1917, up until 
1926. Through all this period minor changes of improve- 
ments were made as defects were shown up. As a re- 
sult those old mail planes held their own for a long time 
against planes designed ten years later, and it was with 
difficulty that many pilots were persuaded to bestow their 
favor upon the newer designs. 

Concentration by an organization on one particular 
type must of necessity achieve better results than if the 
efforts of the same organization are spread over many 
products. From the manufacturing point of view, there 
is nothing that raises the cost more than too much diver- 
sification and change. From the engineering point of 
view, there is no doubt but that a detailed study of one 
particular type will lead to perfection that cannot 
be achieved if the staff is constantly bringing out new 
models. New models educate the engineer, but do not 
necessarily mean the production of the best planes. Even 
from the sales point of view, different methods and a 
different mentality are required to sell planes of different 
types. For example the selling of a few expensive trans- 
port planes requires a different mentalitv than the sell- 
ing of quantities of two seater planes. Distributors and 
dealers can handle the products of different manufac- 
turers provided that they do not compete and there seems 
to be no absolute necessity of their representing only one 
organization. 

Tn the automobile field there has been a tendency in 


the past few years for companies to specialize in one 
particular branch of the field rather than to put out sev- 
eral radically different types and sizes. As production 
goes up in the airplane field it is perfectly possible that 
the present tendency towards several different types may 
be reversed. Large production of a single type in one 
plant is more economical than the same production of a 
variety of types. The company that establishes itself 
as the leader in a particular type such as the three seater 
open cockpit plane is in an enviable position and may be 
as successful as a company which produces several models 
but is not the leader in any of them. 


Service Establishments 

W ITH aircraft sales completion becoming more keen 
each new dawn, and the item of service becoming a 
major factor in the sale of aircraft, there is now open a 
new field within a field which, if entered with a certain 
amount of business caution and a certain amount of 
knowledge pertaining to procedure of operation, should 
prove highly profitable to all parties concerned. 

It stands to reason that the manufacturer can only act 
in an advisory, or perhaps a supervising capacity, in the 
matter of service. It is for him to see that his distributors 
and dealers perform the actual servicing duties. But, if 
such an arrangement is found to be impractical for finan- 
cial reasons or lack of servicing knowledge, he must look 
elsewhere for the right parties and establish a service 
organization that is apart from his regular sales organiza- 

A combination sales and service organization is of 
course the ideal situation, but in view of the fact that at 
present many distributors and dealers must of necessity 
represent two or three non-competitive manufacturers; it 
follows that the servicing situation must be handled in a 
similar manner. Assuming that servicing must be 
handled outside of the sales organization because of the 
tact that more than one manufacturer must be repre- 
sented in order to bring about a profit, it would seem al- 
together advisable for groups of well financed individuals 
(preferably those experienced in servicing work) to con- 
sider seriously active participation in this new field. 

It is quite possible that state-wide representation of 
several non-competing manufacturers could be obtained. 
Then, a base of operation could be established at the 
largest airport in the territory. Such a base would handle 
local work and also act as a supply depot for the smaller 
shops scattered throughout the territory. The small shops 
could be independently owned for that matter and, act 
as representatives of the main service establishment. The 
initial capital required for such a venture is of course no 
small item, but the cooperation of the various manufac- 
turers and the even closer cooperation of the various dis- 
tributors and dealers in the territory, the amount of busi- 
ness obtainable should fully compensate for the original 
investment. 
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T//*? Refueling F light 
Question Mark 


By Charles F. McReynolds 


of the 


A LTHOUGH it has broken every record for sus- 
taining human beings above the surface of the 
earth, either in balloons, dirigibles, or heavier- 
than-air craft, the Army's Atlantic C-2A monoplane 
"Question Mark" is in no sense of the word a "stunt’’ 
plane. It is a true flying laboratory; planned to test the 
durability of engines in continued operation while in the 
air, to test the plane, its equipment, and its crew for the 
affect of long continued flight; but most particularly 
planned to test the practicability of regular refueling ol 
planes while in full flight and with present equipment. 
Following the record attempt, Maj. Carl Spatz, command- 
ing ojcer of the endurance flight, stated that the chief 
thing they had accomplished was to refuel so many times 
and under so many varying conditions that no one could 
doubt the complete success of refueling methods which 
have been developed. 

It is interesting to know that 37 contacts were made 
during the 150 hr. flight between the “Question Mark" 
and her nurse planes. The 37 contacts entailed a total of 
approximately four hours of contact flying. During this 
four hours of contact more than 5,000 gal. of gasoline, 
250 gal. of oil, and approximately 2,000 lb. of food and 
supplies were transferred to the “Question Mark.” This 
totals almost 42,000 lb. of weight handled or almost 21 
tons of material that was placed on board the tri- engined 
Fokker while in flight. Numerous night contacts were 
made, some of them despite low visibility and bad air 
currents ; and on one occasion a seven minute contact was 
made when all lights on the “Question Mark were out 
due to low batteries, 180 gal. of gasoline being placed 
aboard. Nineteen full meals were transferred to the 
crew, while still warm, and more than two dozen quarts 


of ice cream were placed on board while still cold. Tele- 
grams, letters, a collapsible bath tub, a supply of bath 
towels, woolen underwear, a rubber suit for Major Spatz, 
a window for the cabin, to replace one that had blown 
away, and many other items of miscellaneous nature 
were delivered to the crew. It is quite apparent that re- 
fuel and supply methods are now feasible enough to keep 
a plane up indefinitely if engines could be kept turning 

Only Two Official Records Credited 

The only official records to be credited to the plane are 
two new refueling records, one the new American record 
for having surpassed the 37 hr., 15 min. and 40 sec. flight 
of Lieuts. Lowell Smith and Paul Richter over San Diego, 
Calif., in an Army De Havilland during 1923, and the 
other a new world's record for endurance by means of 
refueling because of excelling the 60 hr. 7 min. flight of 
Adjutant Louis Crooy and" Sergeant Victor Groenen, 
made in Belgium during 1928. The new American and 
world refueling endurance record now stands at 150 hr. 
40 min. 14 sec., the start having been made at 7:26:46 
A. M. Jan. 1, 1929, and the landing at 2:07:01 P. M. 
Jan. 7, 1929. Both start and finish were on the runways 
of the Los Angeles Metropolitan Airport, Van Nuys, 
Calif., under the supervision of N. A. A. officials headed 
by Dudley M. Steele, and with Joe Nik-rent as timer. 

Besides these two official records the “Question Mark" 
unofficially travelled approximately 10,000 mi. to break 
the former record of 4,417 mi. established by Capt. Arturo 
Ferrarin and Major Carlo del Prete when they flew a 
Savoia monoplane from Rome to Port Natal, Brazil, in 



Action picture of the Army’s Atlantic C-2A Fokker monoplane “ Question Mark” in the air above Los Angeles. 
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1928, and also to surpass the 6,000 mi. flight of the Graf 
Zeppelin during its recent voyage to America, although 
the official distance over L. A.-San Diego course was only 
11 laps, or 2,828.1 mi. 

In addition to breaking all distance records the “Ques- 
tion Mark” surpassed the following records for endur- 
ance, but since they are in a different class she cannot plane 
claim any of them. American Endurance without re- which alway 
fueling, Brock and Schlee, 59 hr., 1928 ; World's heavier portion as the intermedi 
than air, Johann Risticz and Wilhelm Zimmerman, 65 hr. That aerial refueling w ^ , 

25 min., Germany; Spherical balloon endurance, Kaulen |.ort was demonstrated by two refuelings of the “Ques- 


e inquire just what 


41 n 

Those technically minded wi 
it was that finally caused the 
plane to descend. Undoubtedly 
the fact that valve mechanisms 
and spark plugs functioned for 
more than 150 hr. without in- 
spection or adjustment is the 
answer. The rocker arms on 
the left engine finally gave 
way, apparently after failure 
of the rocker arm lubrication 
system, causing that engine to 
cut out entirely. The other two 
engines were opened full to 
try to keep the plane in the 
air while Sergt. Roy Hooe re- 
paired the trouble. Although 
Sergeant Hooe was able to 
climb out to the engine, diag- 
nose the trouble and start 
work on the valve mechanism, 
the remaining two engines 
did not prove equal to the 
added strain and the plane was 

forced to the ground before the trouble could be remedied. 

In the opinion of Major Spatz, it will not be feasible 
to attempt the regular repair of engines in midair until 
they are placed completely inside an engine room where 
the mechanic can readily work on any part. 

Although not wishing to make any definite prophecy 
for the future, Major Spatz pointed out that from a mili- 
tary standpoint the successful demonstration of refueling 
means that bombing plans can now take off with heavy 
loads of bombs and little gasoline, refuel over the lines 
with a greater load of fuel than they could have lifted 
from the ground and continue to a more distant objective 
than would otherwise have been possible. Also it is ap- 
parent that a large bomber returning against adverse 
winds and finding itself low on fuel could radio for a 
refuel plane, rendezvous in midair, and then continue 
safely to the home base instead of being forced down 
behind the enemy lines. At sea, important scouting planes 
could be kept aloft indefinitely by refueling, thus per- 
mitting the fleet commander an uninterrupted command 
of the scene of action. 
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weather ahead it will detour over the nearest clear re- 
fueling station take on fuel without stopping and con- 
tinue by a longer route to the original terminal. A very 
practical point here is that by refueling often, a transport 
plane may carry less fuel and more pay load. By elimi- 
nating intermediate landing the wear and tear on the 
greatly lessened and the element of danger 
i landing is reduced in pro- 
stops are eliminated. 

That aerial refueling will greatly speed passenger trans- 
it was demonstrated by two refuelings of the "Ques- 
tion Mark” during her flight to the west coast. Over 
Dallas, Texas, an aerial refueling was accomplished with- 
out delaying the plane more than seven minutes, which 
were used in circling the field and contacting the nurse 
plane. Continuing on to Tus- 
con, Arizona, the "Question 
Mark” landed for refueling by 
a good ground crew which was 
prepared to refuel quickly, yet 
the operation consumed 40 
min., counting the time lost in 
landing and taking off. This 
clear gain of more than 


half an hour, 


a fair tt 


just one operation. 

Having so definitely proved 
the advantages of aerial re- 
fueling, even with present 
crude equipment, Major Spatz 


s the t 

Dudley Steele, manager of the Aviation Department future when designers will 
of Richfield Oil Co., congratulating the personnel build large transport planes 
of the "Question Mark." Left to right : Major especially for refueling and 
Spats, commander of the plane, Captain Eaker, repair of engines in mid-air. 
Lieutenant Halverson. Lieutenant Qucsada. and These planes would probably 
Sergeant Hooe. be of 200 or 300 ft, wing 

spread, it is thought, with 
engines entirely housed and accessible to mechanics, 
propellers being gear driven. By using a somewhat 
longer hose any possibility of contact between the two 
planes in formation could be eliminated, and by period- 
ically adjusting the engines before they begin to lose 
power the big plane could be kept in full flight across the 
country. Such large planes would probably be accom- 
modated only at special terminals on each coast and would 
therefore eliminate entirely any intermediate stops. 

Having noted the success of the “Question Mark" 
flight and the commercial developments which are indi- 
cated, it is interesting to study the equipment used on the 
recent endurance record. 

The “Question Mark” is a standard Army Atlantic 
C-2A monoplane, known commercially as the Fokker F-7 
It is powered by three stock Wright J-5 engines, each 
developing a maximum of 225 hp. and rated at 200 nor- 
mal hp. The Atlantic C-2A is a high wing monoplane, 48 
ft. 3 in. in overall length and with a wing span of 71 ft. 
6 in. Height is 12 ft. 5 in., and weight empty 5,700 lb. 
The fuselage is of welded steel tubing, fabric covered ; 
and the wing is of full cantilever construction plywood 
covered. 

The Wright J-5 engines are nine cylinder, air cooled 
radials, weighing 500 lb. each and developing 200 hp. at 
1.800 r.p.m. ; 225 hp. at 2.000 r.p.m., with a piston dis- 
placement of 788 cu. in. 

The refuel planes, of which there were two, were Doug- 
las C-1C Army transports powered with the Liberty 12 
water cooled engine developing 420 hp. at 1,700 r.p.m. 
The Douglas is a cabin biplane with a 56 ft. 8 in. span, 
overall height of 14 ft. and overall length of 35 ft. 8 in. 
This plane weighs 3,880 lb. empty and 6,450 lb. loaded. 
The Atlantic C-2A cruises at 90 m.p.h. and has a high 
speed of 115 m.p.h. while the Douglas C-1C cruises at 


i the i 


An Asset to Non-Stop Distance Flying 

An application of refueling which members of the 
“Question Mark” crew expect to see soon is its value 
for long distance non-stop flying. By taking off light 
and then loading in mid-air a plane can carry a materially 
greater load and thereby reach a more distant point 

Members of the Army endurance crew were all of the 
opinion that in the near future a system of aerial service 
stations will be inaugurated throughout the country, every 
large air terminal having a refuel plane to serve large 
passenger liners. Thus if a passenger plane finds bail 
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100 m.p.h. and has a high speed of 121 ni.p.h. Two 
Boeing PW-9D planes were also used for message car- 
rying, being converted into “flying blackboards” by paint- 
ing each side black and writing the message on the side 
in chalk. 

Refueling Planes Filled IVilh Special Tanks 

The Douglas refuel planes were especially fitted with 
three large cabin tanks for carrying a supply of gasoline, 
and each also had room for several five gallon cans of 
lubricating oil and any incidental pouches of food or sup- 
plies. Aside from the fuel tanks and a 30 ft. hose which 
was dropped through the trap door in the cabin floor 
there was little special equipment on these planes. A 
block and tackle was rigged for lowering the cans and also 
to haul the hose up. The hose carried no valve on the 
lower end, there being a three way piping system in the 
refuel plane's cabin which permitted the operator to run 
gasoline from either or all of the three tanks as soon as 
the hose had been installed in the funnel on the "Question 
Mark” by Major Spatz. An additional item here was a 
copper wire runing down the refuel hose and grounded 
on the “Question Mark" each time by Major Spatz in 
order to prevent static electricity from the hose firing the 
gasoline. 

Because it was necessary for the "Question Mark" 
crew to live on board for a protracted period and keep 
the engines going constantly in addition to the work of 
refueling, there was considerable extra equipment in- 
stalled on this craft. This equipment both loaded the 
plane down and added to its wind resistance materially so 
that it was under a handicap from this angle throughout 
the entire flight. 

To provide comfort for the crew there were three fold- 
ing Army bunks built into the cabin behind the main 
reserve tanks, two lower and an upper. There was also 
a folding table and sufficient writing materials to keep the 
entire crew busy during the time aloft. An electric stove 
had been planned as part of the original equipment lmt 
was left out in order to save space. In the forward part 
of the main cabin there were two large gasoline tanks 
carrying a total of 300 gal. of gasoline in addition to 280 
gal. carried by the wing tanks. Gasoline reached these 
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tanks from the refuel hose through the large funnel at 
the rear trap door by means of light alumnium pipes. 
Thesd pipes could be taken down and hung on wall racks 
between refuelings. While refueling, Major Spatz took 
position on a raised platform in the entry way at the rear 
of the main cabin, his head and shoulders projecting 
through a large opening in the top of the fuselage made 
by sliding a trapdoor aside. After the cabin tanks were 
filled the gasoline was pumped into the wing tanks by 
means of a large hand operated wobble pump on the right 
forward side of the cabin. For this flight the Army used 
Richfield aviation gasoline exclusively, pumping all gaso- 
line carried aloft from the Metropolitan airport into the 
refuel planes from a permanent Richfield aviation service 
station which has been erected at the runway intersection. 

Oil Received in Five Gallon Cans 

Oil was passed to the “Question Mark" through the 
trapdoor in the cabin roof, being received in five gallon 
cans and poured into a 60 gal. reserve tank in the main 
cabin. Penzoil triple extra heavy was the only engine oil 
used, apd it was pumped to the engine tanks by means 
of a large hand operated wobble pump on the left for- 
ward side of the cabin. 

Probably the most interesting part of the special equip- 
ment was that by which the Penzoil triple extra heavy 
in the engines and engine tanks was periodically drained 
and replaced by fresh oil; and the manner in which all 
rocker arms of all three engines were kept lubricated 
from the main cabin. 

From the reserve supply of lubricating oil, copper 
tubes led to the three engine tanks, permitting these tanks 
to be filled at will. Valves were also provided at each 
tapk by which they could be drained of old oil. On the 
nacelles these valves were located below and to the rear 
of the nacelle proper and were operated by torque rods 
connected to an indicating board within the cabin, one on 
the right side and one on the left, which told whether the 
valves were feeding oil to the tank, draining it out, or 
were in the closed position. Periodically the mechanic, 
Sergt. Roy Hooe would turn the oil drain valve from in- 
side the cabin, drain out the worn oil, close the oil drain 
valve, open the feed valve and pump the engine tank full 



section drawing show how the refueling contacts were made during the flight of the "Question Mark." 
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with the wobble pump, thus keeping fresh oil in all en- 
gines throughout the flight. 

For greasing the rocker arms a system of copper tube 
leads was installed, all of which terminated at a board in 
the forward part of the main cabin. There were three 
typical Alemite connections on the board, one connection 
for the pipe line leading to each engine. In order to 
grease the valve mechanism of any particular engine 
Sergeant Hooe simply connected an ordinary Alemite 
pressure gun to the proper terminal and shot Alemite 



The starboard engine of the " Question Mark." Note 
the Westinghouse Micarta propeller, cat<valk below 
engine, Alemite pressure system tubing, and large lubricat- 
ing oil lines from main cabin to nacelle. 

grease through the pipe line to the rocker arms of the 
desired engine. The pipe line to each engine was divided 
between the upper two cylinders and lead in series from 
rocker arm to rocker arm each way around the engine 
until the lines joined at the bottom. 

In order that the engines might be reached while in 
flight an extra door was provided on each side of the 
cockpit. From this door a walkway led out to each en- 
gine. The walk was of steel tube construction braced to 
the upper longeron and to the nacelle at the forward end 
of the walk, and with a hand rail running along its rear 
side. A step was built on the landing gear just above the 
tire in order that mechanic might reach the outside of 
the engine. Just before the “Question Mark” landed 
Sergeant Hooe did go out on the left catwalk, get around 
the nacelle to the outside step and start work on the fail- 
ing cylinders but rapid loss of altitude forced him to re- 
turn to the cabin before being given an opportunity to 
perform any repairs. 

A large platform of steel tubing was mounted below the 
nose of the plane around the forward engine. This is 
reached by climbing up through the pilot’s cockpit and 
down over the nose. This platform was not used during 
the flight but provides an excellent footing in case of 
emergency. The mechanic going out on the catwalks is 
equipped with a safety belt which he can hook to the en- 
gine in such a way as to leave both hands free to work. 
The two side walk ways are covered with composition 
board while the forward platform is a simp]* grid of steel 
tubing. 

The crew on the "Question Mark” consisted of Maj. 


pirl Spatz, in command ; Capt. Ira C. Eaker, second 
in command ami chief pilnt: First Lieut. Harry A. Hal- 
verson, pilot; Sec. Lieut. EKvood R. Quesada, pilot; and 
Staff Sergt. Roy W. Hooe, mechanic. 

Capt. Ross G. Hoyt piloted refuel plane No. One, and 
First Lieut. Odas Moon, piloted refuel plane No. Two. 
First Lieut. Auby C. Strickland, Second Lieut. Andrew 
F. Solter, Second Lieut. Irvin A. Woodring, and Second 
Lieut. Joseph C. Hopkins, were all members of the re- 
fueling crews. 

During the progress of the flight Major Spatz was in 
charge of operations on the “Question Mark,” issued 
daily orders to the crew, and at all times made the de- 
cisions as to the route to be flown, and procedure fol- 
lowed in emergency. Such an emergency arose when the 
entire coast of Southern California was blotted out by 
heavy fog on Thursday night, January 3, but Major Spatz 
ordered refuel plane No. Two to follow him to the Im- 
pcrial Valley with a load of gasoline. Although the air 
was very rough over the Imperial Valley, making the 
night flying period there most difficult and at times dan- 
gerous, the visibility was good and Major Spatz was able 



The "Question Mark" taking on fuel. Major Spate is 
at the hose and Captain Eaker at the controls. 


to refuel twice during the hours of darkness before re- 
turning again to the Los Angeles Metropolitan Airport 
when conditions had improved on the coast. 

An excellent idea of the duties aboard the "Question 
Mark” is given by the first order published aboard her by 
Major Spatz, and which reads as follows : 


General Instructions : 

(1.) Captain Eaker wilt be at the controls, with Lieutenant 
Halverson assisting. Major Spats anil Lieut. Quesada will be at 

(2.) Duty hours for piloting and flight officer 1 will be pub- 
lished at daylight each day to cover the ensuing 24 hr., com- 
mencing at 8 A. M. on the day of issue. 

(3.) Pilots will normally fly course— Los Angeles Metropoli- 
tan Airport— Rockwell Field and return, rounding tower at Met- 
ropolitan Airport and wireless masts at Rockwell Field. 

(4.) In case of uncertain visibility of weather conditions or 

arise, Major Spats and Captain F.akcr will be notified immediately. 
(5.) In case of emergency requiring landing, Capt. Eaker will 


(8.) The f 
line feed from 
(9.) Throt 


e setting will not be changed by pilots after 
lined by Capt. Eaker. Any condition requiri 
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(10.) Sc 
motors. Th 
Eater is at 


tmsible for changing oil 
• be accomplished while 


(12.) Flight officer on (I 
his tour of duty. 


( Signed ) CARL SPATZ, 


Lieuts. H. W. Keefer, Roger V. Williams and Archie 
Roth acted as pilots for the “Blackboard” messenger 
planes, and First Lieut. Ray G. Harris was in charge of 
all preparation and servicing of the “Question Mark" for 
its flight. The Boeing FW-9D "Blackboard” planes were 
sent up with special messages and with reports on the 
weather as determined by the Antar Deraga laboratory 
which was maintained in the operations tower of the 
Metropolitan Airport throughout the flight. Mail and all 
messages not sent up on the sides of the blackboard planes 
were placed with the meals which were regularly passed 
to the fliers. Major Spatz communicated with his ground 
crew by dropping weighted messages with streamers at- 
tached. On several occasions, particularly at night, these 
messages were almost lost, indicating that a light radio 
communicating set would probably be more nearly ideal 
for this purpose. 

During the refueling operations Captain Eaker would 
fly the Fokker in normal level flight while the refueling 
plane came up from the rear and took position about 20 
ft. above the "Question Mark" and a very little bit ahead, 
usually with the tail skid about over Major Spatz’s head. 
Major Spatz completed the refueling connection by open- 
ing the trap door in the roof and standing on a raised 
platform with his head and shoulders out of the plane. 
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then as the \'/i in. hose was lowered he would grab and 
shove it into the funnel which fed to the “Question 
Mark” reserve tanks, thereafter holding the hose in place 
until the fueling was completed. Normally there was no 
perceptible variation in the distance between the two 
planes but on three separate occasions the refuel plane 
pulled away and showered Major Spatz with gasoline be- 
fore the operator above was able to stop the flow. 

It was interesting to observe, at the close of the flight, 
that oil drained from the three engine tanks had com- 
pletely drenched the tail surfaces and rear of the fuselage. 

A novel propeller combination employed on the “Ques- 
tion Mark” proved completely satisfactory. Stock two 
blade Westinghouse Micarta propellers of 8 ft. 10 in. 
diameter were used on the wing engines while a special 
three blade Standard Steel propeller was mounted on the 
nose engine. This arrangement seemed more quiet than 
the usual propeller equipment and greatly added to the 
comfort of the crew. Additional equipment consisted of 
Eclipse hand inertia starters, Pioneer instruments and 
fuel pump, Willard 12 volt batteries and Goodyear tires. 

All Pass Physical Examination 
At the end of the flight all members of the crew were 
given the Air Corps physical examination. With the 
exception of normal fatigue, which was not as much as 
had been anticipated, all of the men were in first class 
condition. Major Spatz passing a better examination at 
the close of the flight than he had before the start. 

The other four members of the crew seconded Major 
Spatz’s statement that he had enjoyed a six day vacation 
in the air. Every angle of the flight strongly indicates the 
complete feasibility of keeping crews aloft for long 
periods and of indefinite refueling without undue effort 
or trouble, forecasting the very early application of these 
methods to certain phases of commercial flying. 
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VENDORS’ MATERIAL USED ON WRIGHT ENGINES No. 9147-9418-9449 OF THE QUESTION MARK 

Parts. Vendors. Address. 

Valves ..Thompson Products Cc 

Piston Rings . American Hammered Piston Ring 

Ignition Wire “Airtite" The Acme Wire Co 

Outer Ball Bearings. S.R.D Standard Steel & Bearnn Cc 

Rear Ball Bearings Standard Steel & Bearing Cc.. 

Thrust Bearings S.K.! S. K. F. Industries. Inc 

Accessory Bali Bearings (Normal) Norma Hoffman Bearings Cmp 

Magnetos (Scintilla) Scintilla Magneto Co. Inc. ... 

Carburetor NAT-4- B ..Stromberg Motor Devices Co 

Valve Springs Miller and Van Winkle 

Spark Plugs BG-... . B. G. Corporation 

Crankshaft Union Switch & Signal Co... 

Articulated Rods Bethlehem Steel Corp 

Master Reds Bethlehem Steel Corp 

Master Rod Bearings Bohn Aluminum & Brass Corp. 

Cam Dr.ve Gear Rough Forging The Hassick Manufacturing Co . 

Cylinder Barrel! Rough Forging Bethlehem Steel Corp 

Cam and Gear Rough Forging Bethlehem Steel Corp . 

Cam Driving Gear Rough Forging.. Tioga Steel & Iron Co 
Cam Driving Pinion Rough Forging Bethlehem Steel Corp.. 

Ex. Valve Rocker Bough Forging. . . Bethlehem Steel Corp 

Int. Valve Rocker Rough Forging. Bethlehem Steel Corp 

Valve Tappet Guide Rough Forging . Bethlehem Steel Corp 

Ex. Pipe Flange Rough Forging. Endicott Forging & Mfg. Co. 

Intake Pipe ..Endicott Forging & Mfg Co 

Crankshaft Bearing Rear American Tube & Bending Co 

Aluminum Alloy .Bohn Aluminum & Brass Co 

Gaskets . Aluminum Company of America 

Counterweights The Vellumoid Company. . 

Alemitc Tioga Steel & Iron Co... 

Uniffows were not installed on engine at factory. 
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Short Distance Racing and 
Handicapping 


By Lady Mary Heath 


A S one who has “suffered” much from the loss of 
the odd second in short distance races, and has 
worked hard to catch up on the allowances, the 
work of the man behind the scenes has always much 
intrigued me. 

The handicapper is everyone’s whipping post. Everyone 
comes to him with grievances and imagined wrongs, and 
he has usually a very hard time to straighten everything 

It was of great interest to me, therefore, some little 
time ago to nail down our official British handicapper, 
Mr. Goodman-Crouch, now in this lovely country, in 
this reciprocity business, and to pick his brains a little. 
Mr. Goodman-Crouch is one of the most important mem- 
ber of the Civil Flying De- 
partment of the Air Min- 
istry, and for many years 
has been in the Re- 
search Department at Fain- 
borough when he was not 
engaged in officially handi- 
capping for the Royal Aero 
Club. 

It has always amazed us 
racing pilots how he can 
ferret out our humble ef- 
forts in hoodwinking him 
by reducing load and re- 
sistance, by cutting out, 
droop, by exchanging cyl- 
inder head gaskets for 
brown paper dipped in 
goldsize and in other ways 
trying to “get past him.” 

That we are all still on 
speaking terms after a 
couple of seasons including 
well over a hundred races 
— mostly with a bunch of 
four or five splitting sec- 
onds across the finishing line — speaks volumes for the 
efficiency and the fairness of his work. 

Handicapping means real hard work. It means taking 
in the official reports of every air race all over the coun- 
try, to keep in touch with the performances of machines 
and pilots all through the season. It means watching 
the performances of machines that go outside of the 
country and compete abroad. It means giving up, per- 
haps the hardest condition of all, the cheery evening 
spent in aviation small talk with a dozen boon com- 
panions the night before a race or a race meeting, and 
it means the closest scrutiny of every machine on the 
day of the race to see that it fulfills its declared condi- 


tions of weight, and streamlining, etc., before it goes out 
to the starting line. It means, above all, a display of 
race tact, as, for instance, when the man possessed of a 
200 hp. pursuit plane solemnly expects one to believe 
that it will not do more than 40 m.p.h. 

For air races, handicap allowance is arrived at by the 
following means: 

It is necessary to know the speed of each machine, 
founded on some recognized basis, such as actual per- 
formance, i. e. — 

(a) Known speed or estimated speed. 

(b) Speed that should he obtained by the application 

of the recognized formula. 

Whichever of these means is applied, and they will be 
described later, the manner 
in which the handicap al- 
lowance is obtained, is the 
following : 

The machines are put 
put down in order of speed 
in column four*, starting at 
the slowest. The second 
column is made to contain 
the times estimated on 
those speeds which will be 
taken for completing the 
course. Corrections are then 
necessary, which will be 
made in the third column. 

The corrections can, of 
course, be equally well 
made on the speed basis. 
That is to say, the original 
speed estimated, or known, 
can be modified to take into 
account the meteorological 
conditions, the turning 
points in the course and 
other considerations of like 
nature. 

For instance, it is obvious that a machine which is 
capable of 200 m.p.h. in level flight will certainly attain 
a very much reduced speed when flown over, say, a tri- 
angular course of short lap length. This reduction of 
speed is greater in the ease of fast machines than slow 
ones, since a greater distance is flown. 

Meterological conditions are taken into account, and 
it has been the practice in English racing never to pub- 
lish the final handicap allowances until the morning of 
the races so that the latest weather reports may be taken 
into account when introducing the weather factor. 

Refore talking about time for the course, the speeds 
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of the air craft being thus adjusted, it is a simple mathe- 
matical problem to work out the estimated time taken 
by each machine to cover the lap, or if the race is not 
flown in more than one lap — the entire course. 

It should perhaps be mentioned that the actual meas- 
urements of the course and distance are extremely dif- 
ficult, and the results of one race can only be used as a 
basis for estimating speeds over a separate course on a 
relative basis. This is mostly due to the extreme diffi- 
culty of obtaining the exact length of any leg, or course, 
and a variation of 10 m.p.h. has often been found in the 
results obtained by the most accurate timing, due entirely 
to this cause. 

From the time taken to fly the course (see column 2), 
the time taken from zero, or starting time (see column 
3), is then obtained. For instance, if the slowest 
machine, or "limit man," takes three hours and the 
fastest, or “scratch man,” takes one hour, the “limit 
man” is placed at zero starting time, while the “scratch 
man” is placed at two hours behind zero hour. 

The actual handicap allowances (see column 4), which 
are posted up for public information prior to race, are 
then obtained by the reverse process, i. e., that of sub- 
tracting the estimated time taken for the course by the 
scratch man from the times taken by the other com- 
petitors. 

The resulting table then is as follows: 


'- SP c e ra°f,t 

2. Eshmcltd^ hme 

3 ' T "o, r uZ 






The above 

obviously a simple mathematical process 
to discuss the actual method of which the 


estimated speeds are obtained. 

There are two main headings under which this work 
falls. 

1. That of estimating, as nearly as possible, the actual 
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silted contained by the aircraft considered. This may 
be done (and this is the simplest method) by a knowl- 
edge of the actual performance on some previous oc- 
casion of the aircraft in question. 

Here again it is necessary to bear in mind the fact 
that these factors have to be considered : 

(a) The fact that the speeds quoted from previous 
timings can only be considered as relative to one an- 
other, due to the human element in course measurement. 

(b) The fact that these speeds may have been ob- 
tained by pilots of varying racing capacity. 

(c) The fact that the weather conditions on the vary- 
ing occasions considered, may not have been consistent. 

Of the above three conditions, the second possibly is 
the only one which requires explanation. 

Speed Considerations Important 

It will be readily realized that if one aircraft is con- 
tinuously flown by a pilot of exceptionally good racing 
capacity, the times obtained will be better than those 
which would have been obtained by a racing pilot of 
normal capacity. Since the above method is only em- 
ployed when it is desired to give the prize to the best 
pilot, it is only right that all considerations bearing on 
the speed of the aircraft should be taken into account, 
the necessary corrections being made for piloting skill, 
which on former occasions had led to success. 

It should be pointed out that when this method has 
been employed in air races in Great Britain, the official 
handicapper has always made a point of noting, during 
all races, the number of seconds lost on turning points 
within sight of the airdrome at which he is stationed. 

This method then leads to the prize being gained purely 
and solely by the piloting skill of the one in charge of 
the machine, and this method in the same way leads 
to the extremely close finishes which give the finest ele- 
ment of sport that has characterized air racing in Great 
Britain. 

2. Now it is obvious that it may be desirable to give 
a prize to aircraft designers who are capable of reduc- 
ing the parasitic resistance to the utmost minimum, or 




Lined up for a heat in a recent handicap race. The author’s plane, second from right, won the race. 


possibly to engine designers who are capable of obtain- 
ing the best power to weight ratio. 

In this case, a formula is used for obtaining the speeds 
on which the handicap allowances of the race are based. 
Any suitable formula can be used for this purpose, 
according to the ideas of the promoters. One such 
formula, which has been used in England, has been 
based on the span and the weight of each competing 
plane. This has led to interesting results. 

A Premium on Freak Machines 

It must be borne in mind, however, that this second 
method places a premium on freak machines which are 
designed to defeat the formula. Moreover, close and 
sporting finishes cannot be hoped for, as it is a matter 
of coincidence, of quality, or design, if two machines 
happen to cross the finishing line together. 

These two methods for obtaining the speed, which is 
placed in the first column of the table, are the main ways 
in which this work is carried out. 

It is, of course, a fact that very often a new type of 
machine is entered. The application of the second method 
to such a type is a matter of mathematical simplicity, 
while that of the former demands a knowledge of the 
theoretical method of estimating performances. 

A factor which, however, is common to both methods, 
is that of applying the course correction figure, and it 
may be of interest to know that while a light aeroplane. 


such as the “Moth” or “Avian,” is capable of a speed 
on a straight course in level flight of about 100 m.p.h., 
it is reduced to a figure of approximately 93 m.p.h. when 
flying on a triangular lap with a total length of five miles. 
A machine such as the Avro “Avenger,” which approxi- 
mates 200 m.p.h. in straight flight, is reduced on such a 
lap to a figure in the neighborhood of 170 m.p.h. 

If it is desired, however, to hold race meetings at 
which the prizes are to be given for the best piloting, 
it is advisable to use the first method of obtaining the 
speeds on which the handicap allowance figures are based, 
while if it is desired to give prizes for aircraft design, 
or for engine boosting, the second method with an ap- 
propriate formula, is suitable. 

Before the estimation of speed with regard to figures 
under column one, it is, of course, necessary to bear in 
mind the effect of passengers, not only as regards their 
weight, but also as regards the resistance of their heads 
and shoulders in machines with open cockpits, while the 
streamlining of struts and fittings must also be taken 
into account. 

For instance, the effect of the weight and resistance of 
one passenger in a two or three seater with open cock- 
pits, and capable of some 120 m.p.h., is something in the 
order of 3/S m.p.h., while lower down, the speed scale 
in the two seater light plane class, is approximately 1)4 
m.p.h. The covering in of passenger’s open cockpit by a 
streamlined cover has a further effect of from 1 to 2 
m.p.h. 



Plywood in Aircraft 


c 


onstruction 


By James R. Fitzpatrick 

Vice President, Haskelite Manufacturing C i 


F ROM the very beginning of man's efforts to fly, 
wood has played a major part in the construction 
of successful flying machines. Both light weight 
and exceptional strength are required for airplanes, so it 
was natural that the early builders turned to wood and, as 
the design improved and more complex problems arose, 
they turned to plywood for many structural purposes. 

Plywood as first used was not waterproof and conse- 
quently was not suitable for service in all kinds of 
weather. During the World War, however, the Govern- 
ment found and successfully tested a really waterproof 
plywood, which had been developed for use in canoes. The 
plies of this plywood were attached to each other with a 
blood albumen glue, which produces an all weatherproof 
material, capable of being formed into various curvatures 
without injury to the glue or the product. Huge quanti- 

struction. Every test possible was applied to the finished 
plywood to insure that only the best reached the finished 
plane, thereby increasing the factor of safety. 

Plymetl a Post-War Development 

The Haskelite Manufacturing Corp., at Chicago, 
III., played an important part in supplying the govern- 
ment demands and today its factories turn out plywood 
and Plymetl which are known and tested in many indus- 
tries. Plymetl is a steel or metal-faced plywood devel- 
oped after the war in response to a demand for a plywood 
which had exceptional resistance to impact. A method 
was worked out for gluing thin metal faces to the weather- 
proof plywood and the resulting combination was termed 
“Plymetl.” 

At the main plant in Grand Rapids, great quantities of 
high grade veneer, from which the plywood is to be made, 
are stored in large warehouses. When veneer is cut from 
a steamed log, it is necessary that it be thoroughly dried 
before it is used. On receipt of a shipment of veneer at 
a Haskelite plant, the first thing done is to dry it in great 
large oscillating hot plate redriers, not only reducing the 


moisture content, but leaving the pieces of veneer sub- 
stantially flat. Since the veneer as received contains 
numerous defects due to careless cutting or defects in the 
log, it is necessary that these imperfections be cut out. 
This is done at the Haskelite plant by large clippers which 
trim each piece to a width free of defects and to one of a 



A section of the Grand Rapids, Mich., plant of the 
Haskelite Manufacturing Corp. 


number of standard lengths. The pieces thus dried and 
clipped are passed to the stock room, where veneers of 
the same kind of wood, same thickness, and same length 
are kept together. 

Very large storage is necessary for the veneer in order 
that an ample supply of dried veneer of the proper kind, 
size, etc., be on hand at all times. Not only are many 
different kinds of wood veneer stored, but each kind must 
be available in a large number of sizes, widths, thick- 
nesses, and lengths. 

When an order is received to make a set of panels 
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Two interior views of the Haskelite Manufacturing Corp. factory at Grand Rapids, Mich. 


of a certain material, size, and so on, sufficient veneers 
are withdrawn from stock and placed upon a movable 
platform. The length of these veneers withdrawn are 
generally correct, but their edges have to be made straight 
and perpendicular to the faces. This work is done by 
jointer machines. The various veneers are then sorted to 
make the several plies of the different panels wanted. 
Usually one piece has to be cut narrower to make the 
proper total width. 

Following the sorting, the veneers for the face plies 
are sent to a taping machine which holds the veneers to- 
gether by pasting a thin paper tape on the faces with the 
edges butted together. In this way each panel is assem- 
bled to the desired full size. Great pains are taken at the 
Haskelite plant to eliminate any small stresses which 
might be set up between the plies. Core plies are thor- 
oughly dried after their face's have been coated with glue, 
but the glue is not set by this drying process. After this 
is done, fresh glue is spread on the backs of the two 
face plies that form a single panel, and these are placed 
above and below the core so that the grain of the plies 
runs at right angles to the grain of the core. The edges 
of the assembled veneers are coated with Haskelite glue, 
and the plies so assembled are placed in larger presses, 
whose steam heated plates are 5 x 8 ft. in size, to be 
unified by pressure and heat. 

In order that the very best results can be secured, all 
plies of the panels are very dry just before the glue is 
spread on them. Also, the time between the application 
of the glue and the pressing operation is very short so 
that no ply has a chance to absorb moisture. This pro- 
cedure eliminates the chances of the plies shrinking and 
producing initial stresses which are common with main 
gluing systems. The moisture of the glue spread on the 
face plies soaks up the dried glue on the core so the glue 
between the plies has the right consistency for producing 
a highly waterproof joint. The gluing press consists of 
smooth faced hollow plates heated to 210 deg. by steam 
circulating through the plates. Plies to be glued together 
are placed between two of these plates and hydraulic pres- 
sure applied. The pressure used is adjusted to the size 
of the panel and the pressure required per square inch 
of the panel surface. During the pressing, heat pene- 
trates the plies; setting the glue and producing a thor- 
oughly unified plywood. 

Following the gluing and pressing, the panels are care- 
fully planed to insure an absolutely uniform thickness. 
This point in the preparation is particularly important 
for airplane manufacturers as they require uniform thick- 
ness in the materials they use. Usually the panels are 
about two inches oversize all the way around and before 


stored, these edges are trimmed off. Finished panels in- 
tended for flat work are stored flat in the drying room, 
but panels intended for curving are sent to the molding 
department for that operation. 

In molding Haskelite plywood, it is first actually boiled 
in vats to soften the wood. The blood albumen glue 
reveals its ability in this process, for it retains its proper- 
ties and when the molding process is completed, the fin- 
ished product is just as waterproof and just as well unified 
as the original flat panels. 

In addition to carrying huge stocks of plywood and 
Plymetl, the Haskelite Manufacturing Corporation car- 
ries on extensive research and testing of these materials. 
Massive as well as delicate testing machines are employed 
constantly in making actual tests on all sorts of woods 
and plywood. These tests include tests in column-bend- 



Stocking Haskelite plywood at the main plant at Grand 
Rapids. 


ing, tension strength, splitting resistance, shearing 
strength, cupping tendencies, twisting tests, determination 
of elasticity, and many others. Results of thousands of 
these tests have been tabulated and provided in con- 
venient blue print form for the convenience of users. 

Primarily the business of the Haskelite Manufacturing 
Corp. was the production of airplane plywoods and Ply- 
metl. Scores of other uses have been found for these 
materials as the light weight, strength and waterproof 
qualities have proven valuable in the manufacture of au- 
tomobile roofs, truck bodies, marine bulkheads, etc. 
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W ooden P ropellers 


By Chase S. Story 


D UE to the fact that the performance and income 
of the airplane depends so greatly upon the con- 
dition of its propeller, or propellers, every pre- 
caution should be taken to prevent costly repairs and tie- 
ups during the rainy season. 

The wooden propeller requires more care and attention 
than other types. There have been numerous cases in 
the history of wooden propellers where a spinner, or even 
the propeller itself, would burst in the air due to the 
action of the weather in soaking up unprotected portions 
of the wood. Rarely indeed is there any record of a 
propeller that had been properly inspected and protected 
failing in flight. 

To protect the wooden propeller from watersoaking, 
first make sure that the propeller is dry. If damp it must 
be very slowly dried in a warm dry room, the process 
extending over several days depending upon the amount 
of water which has been soaked up. When the propeller 
is dry, remove the hub and give the hub hole two coats 
of spar varnish or waterproof paint. Use plastic wood, 
well pressed in, to fill cracks between the wood spinner 
and the propeller. Next touch up all places on the blade 
where the finish has been scarred leaving bare wood, 
especially on the back side of the blade where sand 
cutting is greatest. If possible, two coats of spar varnish 
or high grade enamel should be applied to the propeller. 
The finish should be applied as evenly as possible in order 
not to affect the balance, and particular care must be 
taken that the varnish does not run or sag, caused by 
too heavy application. Do not attempt to varnish over 
lacquer finishes. Propellers with lacquer type finish must 
be sprayed by persons well familiar with the process. 

Should Keep Leading Edge Touched Up 

When complete refinishing is necessary, from seven to 
nine coats are required to withstand possible flying 
through rain. It pays to keep the leading edge touched up 
when it is not protected by metal tipping. 

It must be remembered that for any given amount of 
finish which is added to one blade an equal amount must 
be added to the correspotuling place on the other blade 
in order to keep within reasomble balance. 

On the ground, the greatest menace to the propeller is 
the person who, unable to place his plane under cover, 
carefully wraps up the propeller with burlap, canvas, oil 
cloth, etc. In the first place when the airplane is at rest 
on the ground, or has been stored away, even in a well- 
protected hangar, always leave the propeller in a hor- 
izontal position. The reason for this is apparent in the 
varying temperatures found in a room at altitudes some- 
times as little as two or three feet apart, while outdoors 


there is almost always an area of high humidity close to 
the ground and if the propeller is allowed to remain at 
rest with one blade closer to the ground than the other, 
the lower will almost certainly absorb more moisture. 

In the second place, never wrap a propeller in anything 
which can become saturated with water, or which can 
catch and hold water or moisture in such a way that it 
will be against the propeller blade. Particularly is this 
true where close fitting spinners are used. A propeller 
without covers will quickly drain off and dry after a 
storm, but one wrapped up in wet fabric which will re- 
main damp for days, may absorb enough water to become 
out of balance or even to open up glue joints to a point 
where the propeller will fail at high r. p. m. 

No Water Collecting 

The best propeller cover is one made of waterproof 
auto top or some such rubberized material, perferably 
without seams on top, and open from end to end along 
the lower edge with snap buttons along this edge to safety 
it. Water cannot possibly collect in this type as it some- 
times does in other standard or homemade propeller 
covers, especially those in which one end is sewed up to 
slip over one blade of the propeller, while the other end 
is provided with snaps. 

Great care must be taken that no water be allowed to 
collect about the spinner as it may seep through minute 
holes or cracks into the interior and open up the glue 
joints in the hub of the propeller. If sufficient water col- 
lects inside a built on wood spinner it will literally blow 
the spinner apart from centrifugal action at high r. p, m. 

The last important thing to do is to inspect the ex- 
treme ends of the metal tipping and open up the vent 
holes for draining out oil and moisture that occasionally 
works out under the metal. There should be at least 
three 1-32 in. holes provided for this purpose. Failure to 
see that these drain holes are provided and kept open will 
usually result in the metal swelling out from the wood 
and throwing the propeller badly out of balance from 
centrifugal action, which has been great enough in several 
instances to strip off the metal tipping, badly damaging 
both the engine and the plane. 

Before remounting the propeller for flight work it is 
essential that it be balance tested again, no matter how 
carefully the finish may have been applied. There are 
many very accurate propeller balancing racks in use about 
the country but if none of these happen to be available 
it is quite possible to rig up a home-made balance stand 
that will be sufficiently accurate to check the propeller 
before again placing it in service. 
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Aeronautics Branch 
Licenses 4,690 Pilots 

WASHINGTON, D. C.— There were 
4,690 licensed pilots in the United States 

when increased by those who have been 
temporarily permitted to pilot planes, 
shows approximately 5,200 pilots author- 
ized by the Department of Commerce, ac- 
cording to figures compiled by its Aero- 
nautics Branch. Of the 4,690 licensed 
pilots, 2,927 are transport; 532, limited 
commercial; 66, industrial, and 1,165, pri- 
vate. Included among the 4,690 were 34 



California led the states in the number 
of licensed pilots, having 894, followed by 
New York with 472. The other states 
which have more than 100 licensed pilots. 

Michigan, 249; Pennsylvania, 239; Ohio', 
228; Texas, 218; Missouri, 178; District 
of Columbia, 165; Virginia, 117; Massa- 
chusetts, 109; and Wisconsin, 101. 

In addition to the above, the Commerce 
Department licensed four pilots intending 
to fly in Canada, three in New Zealand, 
two in the Philippines, and one in each of 
the following: Canal Zone, Egypt, Nicara- 

Pilots by States 



NEW YORK, N. Y.— Announcement is 
made by Albert P. Locoing, vice president 
and general manager of the Loening Di- 
vision of the Keystone Aircraft Corp., 
that Pan American Airways, Inc., has 
accepted delivery on two more Kcystone- 
Loening Air Yachts. 
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Name Lindbergh Technical 
Adviser of P. A. A. Services 

Will Fly First Mail Consignment to Canal Zone 
In Miami-Cristobal Line Opening 


NEW YORK, N. Y. — Col. Charles A. Lindbergh now states that he 
has been retained as technical adviser by Pan American Airways, Inc., 
and its affiliated operating companies, and also as consultant to the 
Aviation Corporation of the Americas, the holding company. The an- 
nouncement came in an interview granted by Colonel Lindbergh and 
J. T. Trippe, Pan American firm president, in which it was explained 
that the Colonel will in the future pass on all matters pertaining to 

Curtiss Service Buys Jointed Tut 1 duties of the 

Hartford, Conn., Firm ^’h^advLfrpositioTwX T™"con- 

tinental Air Transport, Inc. 



Stinson Plans Attempt 
At Endurance Record 



Schedule New York Session 



is as follows: Miami, Fla.; Havana, Cuba; 
Belize, British Honduras; Tela, Honduras 
Corinto, Nicaragua; Managua, Nicaragua; 
Puenta Arenas, Costa Rica; David, Pan- 
ama; and Cristobal, Canal Zone. 

In his capacity of T. A.T. adviser, Colo- 
nel Lindbergh left Mitchcl Field, L. I., 

the company’s transcontinental air-rail 
route. He flew in the new Ford plane 
“Columbus," accompanied by Charles Good- 
fellow of the Curtiss Flying Service, and 
John Callings. T. A. T. pilot. 


Guggenheim Fund for Chile 

NEW YORK, N. Y.— Believing that 
South America offers great opportunities 
for air transport, Daniel Guggenheim, it is 
reported, has provided a fund of $480,000 
for aviation development in Chile where 
the Guggenheim family has nitrate and 
copper producing interests. It is said that 
the offer has been accepted but the terms 


NEW YORK, N. Y.— Mayors of 10 
upstate cities will be guests of Mayor 
Walker in the next session of the New 
York State Aviation Conference, scheduled 
to be held ^ in the. Aldcrmanic Chamber. 



Chapman Airliner 
Tested at Newark 

Bumelli Plane is Powered by 
Two Geared Conquer- 
or Engines 


Aviation School 
Seeks Imposter 

KANSAS CITY, MO.— A re- 
ward of S100 for information lead- 
of an impostor 


low the competition of trial flights. 

flight the plane took oil in 440 ft and in 
6 sec. and climbed to 3,000 ft. in 7 min.. 



The wbi "which isH* ft'longhy 11 ft. 
4 in. wide, is roomy and is furnished with 

is built over the main fuel tank. Abaft 


Gates-Day Company 
Changes Firm Name 

PATERSON, N. J.-Oflicial announce- 
ment is made that the name of the Gates- 
Day Aircraft Corp. of this city has been 
changed to New Standard Aircraft Corp. 
The firm manufactures the New Standard 

Changes in personnel were also an- 


gg yaw>,^gt-s 

ing in this work. Management of the fac- 
tory, furthermore, is being undertaken by 
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Whitaker to Organize 
Szekely Sales Force 
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the Los Angeles Examiner, and is said to 
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will average about 4,200 a day. 

New Aviation Finance 
Concern Is Organized 


YORK, N. Y.— Formation of 
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lanufacturers Enter 
Craft in Detroit Show 





Of Lycoming Engine 



MIAMI, FLA.— The dirigible Los An- 
geles which was scheduled to fly over the 

SSS™ 
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First Pittsburgh Show 
Committee Announced 


PITTSBURGH. PA.— Virtually every 
phase of aviation in the tri-state region is 
represented in the group of men selected 
to comprise the show committee of the 
First Annual Pittsburgh Aircraft Show. 



Consolidated Merges 
With Two Compan 
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Universal Buys 
Continental Line 

Say New Acquisition Will 
Form First Unit of 
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W. A. E. 1 

To Get More Capital 




of the American Aeronautical Corp.. which 
velopcd 1,200 hp. These engines are 
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Personnel | j Trade Tips 
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Approved Airplanes Total 95 
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AIRPORTS AND AIRLINES 


Newark-Atlantic City 
Air Service Planned 

LAKEHURST. N. J.— Inauguration of 

on "an* 'hourly schedule, between Newark 
ami Atlantic City with Lakchurst as an 

Eastern Airways, Inc. William H. Mal- 



Installation Reported 
Of 250 “Aerovanes” 



. ... . ... 

sFJ-i35ilsl5 


Mails at Newark Soon 


December Mails 


NEWARK, N. J.— Air mail will be 
bandied at ihe metropolitan airport here 

™ s n t al, 10 b< dn?s 1 "of Febniary,' h"was an- 
nounced recently by Assistant Postmaster 
General Glover. Insufficient lighting fa- 
cilities and runways have delayed open- 



Boeing Firm Reports 
Traffic and Milea 




Cruise Ends 



Show New Gains 


Surpass November and October 
Marks as Total Goes 

to 537,113 Lb. 




Bid on Air Mail 
Line to Mexico 

To Award 10 yr. Contract for 
Brownsville- Vera Cruz 
Service 
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FOREIGN ACTIVITIES 


New Plane Built 
By Hawker Firm 


Jupiter Powered Craft Has 
Metal Wings and Fuse- 
lage Frames 


KINGSTON ON THAMES, ENG- 
LAND— The Hawker ‘'Hawfinch'' is a 
biplane with an all metal frame embody- 
ing tire type of construction devised by 
the Hawker Engineering Co., Ltd., of this 
city. The general lay-out of the machine 
is conventional, though the form of cowl- 
ing used on the Bristol Jupiter air cooled 
radial engine, which leaves only the ex- 
treme cylinder heads exposed, is worthy 
of note. Either the Bristol Jupiter Series 
VI air cooled engine of 480 hp. or the 
Series VII supercharged engine of the 
same make may be fitted. 

The “Hawfinch’’ has a span of 33 ft. 6 
in., length of 24 ft. 4 in., and has 29S sq. 
ft. wing surface. The empty weight 
Stripped is 1,835 lb. The total load is 900 
lb., giving a loaded weight of 2,735 lb., 
a wing loading of 9.3 lb. per sq. ft, and 
a power loading of 5.8 lb. per hp. 

High Service Ceiling 

With the unsuperchargcd engine the 
machine climbs to 3,000 nt. (9,840 ft.) in 
S'A min. and to 6,000 m. (19,680 ft.) in 16 
min. and attains a speed of 159 m.p.h. at 
9,840 ft., 149 m.p.h. at 19.680 ft and has a 
service ceiling of 27,000 ft. With the 
supercharged engine 9,840 ft. is reached in 
4.7 min., 19,680 ft. in 11.8 min., with 
speeds of 171 m.p.h. and 165 m.p.h. at 
these heights. The service ceiling is then 
30,000 ft. 

The "Hawfinch may be equipped with a 
twin float seaplane undercarriage employ- 
ing duralumin "Vcq" bottomed floats, and 
stainless steel undercarriage fittings. This 
adds about 300 lb. to the weight and 
naturally reduces both climb and speed. 
The machine will nevertheless reach 153 
m.p.h. unsupercharged and 165 m.p.h. 
supercharged at 9,840 ft. and climb to 
19,680 ft. in 20 and in 13.2 min. respect- 
ively. 

Uses Ball-Ended Struts 

The fuselage is constructed of steel tub- 
ing. Longerons are solid-drawn circular 
tubes, which are flattened by a rolling 
process at every strut joint. The two side 
frames each form an independently as- 
sembled unit, tubular struts also with flat- 
tened ends being attached to the longerons 
by flat steel flitch-plates. These plates 
are secured to the longerons by a single 
bolt with a cup head. The side struts are 
riveted to the flitch plates. The two side 


frames arc assembled to form the com- 
plete frame with ball-ended struts, which 

bracing. The whole frame is a simple 
production job, which can be dissembled 
and packed as two flat girders for trans- 

The wings arc built on spars of solid 
drawn tubes, rolled to what is known as 
the "double-eight" section. Though this 
type of spar is slightly heavier than cer- 
tain other types of metal spar, it is cheap, 
presents no difficulties in regard to the at- 
tachment of fittings, and is remarkably 

of aluminum alloy. 

The undercarriage, of the cross-axle 
type, has rubber in compression plus an 
oil dashpot and provides a very long 

Military equipment comprises the usual 
two .303 calibre machine guns with Con- 
Stantincscu synchronising gear, 1,200 
rounds of ammunition, oxygen-apparatus, 
sending and receiving short wave wireless, 
and a full equipment of flying and engine 
instruments. The fuel capacity is 54 Im- 
perial (65 U. S. gal.) 

European Fares Reduced 


BERLIN. GERMANY.— A reduction of 
about 10 per cent, in round trip fares on 
airlines in 11 European countries, making 
the cost by plane less than for first class 
passage on international express trains, has 
been approved at a recent conference of 
operating companies at Berlin. The change 
was based on the results of last year’s 
business. 

Hinkler Gets Medal 


LONDON, ENGLAND — Bert Hinkler, 
British pilot who flew from England to 
Australia, 16,000 mi., last year in an Avro 
Avian in 15% days, has been awarded the 
1928 gold medal of the Federation Aero- 
nautique Internationale and the Royal Air 
Force Cross in recognition of his feat. 


Bleriot Building Flying Boat 


PARIS, FRANCE,— It is reported 
that Bleroit works are now building a 

ft., an overall length of 52 ft., equipped 
with four engines developing a total of 
3,200 hp. and capable of carrying 30 pas- 
sengers. A flight across the Atlantic is 
planed after a scries of tests in the spring 
over Asia and Africa under super viVon 


Would Circle Continent 


MEXICO CITY, MEXICO— A flight 
around South America, including; the first 
rounding of Cape Horn by an airplane, is 
proposed by Lieut. Col. Roberto Fierro, 
Mexican pilot who has made a non-stop 
flight from Lower California to this city 
and later a good will tour to Havana and 
Central American republics. He expects 
to start as soon as funds for the project 
have been received. 


Peruvian Fliers Halted 


NATAL, BRAZIL — As we go to press 
the Peru-to-New York fliers, Carlos Mar- 
tinez de Pinilios and Naval Lieut. Carlos 
Zegarra, are here waiting for further in- 
formation about landing conditions at 
Belem, their next objective, before con- 
tinuing their flight. They took off from 
Lima, Peru, December 1 1 and had hoped to 
reach New York City by January 15. 


To Open Canada Mail Line 


SAINT JOHN, NEW BRUNSWICK 
—Air mail service between Ottawa, Mon- 
treal, Saint John, and Halifax will be 
opened on January 28, according to Hon. 
P. J. Veniot, postmaster general. Daily 
Ottawa-Montrcal and Saint John-Halifax 
service is planned, with the Montreal- 
Saint John link bi-weekly initially. 
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THE BUYER’S LOG BOOK 


South Bend Lathe 

ONE OF the most recent additions to the products 
manufactured by the South Bend Lathe Works, 404 East 
Madison St., South Bend., Ind., is the Nine Inch Junior 
Back Geared Screw Cutting Precision Lathe. This ma- 
chine is made in live lengths of bed and is available in 
bench or floor leg models with counter shaft drive or any 
one of four styles of motor drive. Mechanical parts of all 
models are identical. This lathe may be used in machin- 
ing all kinds of metal and in working wood, hard rubber, 
fibre and other composition materials. 

The semi steel lathe bed is a heavy gray iron casting 
containing about 18 per cent, steel. Beds are rough 
planed, then seasoned for a period of four to six weeks 
and then finished planed and hand scraped to insure ac- 
curacy. The headstock is back geared and the three step 
cone permits six spindle speeds. All gears are covered 
with guards. A quick acting bull gear clamp permits 
changing from direct cone drive to back geared drive or 
vice versa without the use of a wrench. The headstock 
spindle is made of special quality carbon spindle steel and 
is finished ground all over. It has a in. hole which 
permits rods, bars and tubing to be passed through it and 
held in a lathe chuck or draw-in collet chuck for ma- 
chining. Phosphor bronze bearings, adjustable for wear, 
are used in mounting the headstock spindle. 

The carriage is strong and deep with a wide bridge 
capable of supporting a heavy cut and the cross feed is 
fitted with a micrometer collar graduated in thousandths 
of an inch. The apron is provided with a pair of half- 
nuts which are fitted and hand scraped and held by gibs. 
The power longitudinal feed is obtained by clamping these 
half-nuts on the lead screw. This feed has ample power 



The Nine Inch Junior South Bend Lathe. 

as it is operated by the feed gears at the head end of the 
lead screw. 

The compound rest is graduated to 180 deg. on the 
base and the feed screw is fitted with a micrometer collar 
graduated in thousandths of an inch. The lead screw is 
a precision screw with an Acme Standard thread and 
made of special steel. A heavy and rigid tailstock is pro- 
vided with a long bearing surface on the bed. The longi- 
tudinal power feed has a range of fine to coarse feeds 
which are adjusted by the aid of the change gears which 
are attached to the head end of the lead screw. This feed 
can be operated to make the carriage travel either right 
or left. 

Standard screw threads from 4 to 40 per in. including 
ll'/i pipe thread, right or left hand, can be cut. A num- 
ber of attachments for this lathe are offered. 


Elgin Tachometer 

THE ELGIN chronometric tachometer offered by the 
Tachometer Division of the Elgin National Watch Co., 
35 East Wacker Drive, Chicago, 111., indicates directly in 
r.p.m. the speed of any rotating member. This speed may 
he carried to the tachometer through a flexible shaft or 
by an adaptor ; the latter being the case when the tach- 
ometer is used portably. 

The driving mechanism takes the power from the 
flexible shaft, or adaptor, transmitting it to the power 
plant. The power plant furnishes the power for driving 
the watch mechanism, the counting mechanism and the 
synchronizing cams. The watch mechanism times the 



The Elgin chronometric tachometer. Photo with top 
plate removed (right) shows-. A — Driving mechanism; 
B — Power plant and synchronising cams; C — Watch 
mechanism; D — Counting mechanism; E — Intermediate 

action of the synchronizing cams, while the counting 
mechanism counts the revolutions transmitted to it during 
periods of one second each, and indicates the result on 
the dial. 

According to the manufacturer, the Elgin chronometric 
tachometer is positively gear driven, is not influenced by 
external forces, is dead beat, indicates accurately in both 
directions of rotation, and is of unalterable calibration. 

“Oil-Chek" Piston Ring 

THE SIMPLEX Piston Ring Company of America, 
Inc., Cleveland, O., has recently perfected and introduced 
the new Simplex “Oil-Check” piston ring. This ring 
functions under the check-valve principle and serves as a 
positive means of oil control. 

This new type piston ring is not a substitute for the 
regular Simplex piston ring but is an addition, designed 
for a specific purpose — to stop oil pumping only in 
motors in which jiiston clearances do not exceed .0015 
in. per inch of diameter. The Oil-Chek piston ring is 
also suitable for use in new engines. 

Like the regular Simplex piston ring, this new Oil- 
Chek ring embodies the now familiar patented principle 
of up-and-down expansion in the ring groove and the 
ability to mold itself to cylinder wall irregularities. One 
Oil-Chek ring per cylinder is sufficient — always installed 
in the groove just above the wrist pin. It can be used 
wherever any regular piston ring is used by simply re- 
moving the old piston ring and slipping on the Oil-Chek. 
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Aerovanes 

A COMBINATION airway and highway marker has 
been developed by the Aerovane Utilities Corp., 292 
Madison Ave., New York City. These products are now 
being installed by many air minded towns and cities. 

The “Aerovane" is erected in clear, open spaces, right 
off die main automobile high- 
ways leading to municipali- 
ties. It is of all steel con- 
struction. The structural steel 
mounting pole is 30 ft. in 
height. Anchored to the top 
of this pole is a red wind- 
sock, 5 ft. long, which gives 
the aviator his ground wind 
direction. Seven feet below 
the windsock, centered on a 
horizontal plane, is a large 
arrow 13J4 ft. in length, 
and, painted on this arrow in 
black, against a chrome yel- 
low background, is the name 
of the town the pilot is ap- 
proaching. Superimposed on 
the tail of the large arrow is 
a smaller arrow pointing true 

The 4 x 10 ft panel im- 
mediately beneath the arrow 
is used for road travel infor- 
mation and suspended from 
this panel are two plates. 
4x5 ft., which can be used 
for advertising purposes. 

An Aerovane is clearly 
visible at 1,000 ft. and thus 
an aviator, by following any 
main artery of ground 
travel, can easily pick up an Aerovane, the presence of 
which is readily identified by the distinctive color of the 
windsock, ascertain his ground wind direction, name of 
the town he is approaching and get his compass bearing. 

Shock Absorber Products 

SHOCK ABSORBER cord in a variety of forms and 
sizes is offered by the B. I 1 '. Goodrich Rubber Co., Akron. 
O. This shock absorber cord meets recent Army Air 
Corps and Navy specifications and is made in yi and 
in. sizes. Ring type cord specially adapted to split 
landing gear and tail skids may also be furnished in the 
same diameters to inside circumferences of 22, 25, 30, 35, 
40 and 45 in. 

Great tension and elongation are obtained in this cord 
by weaving a jacket of specially treated cord on rubber 
threads while they are stretched approximately 100 per 
cent. The jacket cord is treated to resist weathering and 

Goodrich shock absorber discs are lathe cut and ground 
from hand made tubing to obtain accurate dimensions and 
the best advantage of grain in the rubber. These discs 
can he furnished in any size and quantity. Soft, medium 
and hard compounds are available so that various degrees 
of resiliency may be obtained by combining discs of dif- 
ferent degrees of hardness. Metal spacers may be in- 
serted between the rubber discs to establish greater com- 
pactness at intervals. 

The company includes tables on load deflection tests on 
the three different grades of rubber discs in its general 
catalogue of aeronautical products which will be sent 
to persons interested on request. 
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Lamps for Airport Lighting 

A NEW line of lamps has just been offered for airport 
lighting by the National Lamp Works of General Electric 
Co., Nela Park, Cleveland, O. Five lamps especially de- 
signed for aeronautical uses are included. 

The 10,000 watt (10 kw.), 115 volt, aviation field flood- 
light lamp has a prong type of base and should be 
mounted base down. It can be used in either reflector or 
lens type projectors. The 5,000 watt (5 kw.), 115 volt 
aviation field floodlight lamp, for use in either lens or re- 
flector equipments also is fitted with the prong base and 
should be burned base down. 

To produce a narrow spread of light in a vertical plane 
the 3,000 watt (3 kw.), 32 volt, field floodlight lamp has 



New General Electric lamps. Left to right: 10 kw., 
5 Inv., and 3 kw. field floodlight: advertising beacon 
and airport beacon type. 

been developed. It is designed for either lens or reflector 
type projector units. The prong type of base is used. 
The 1,500 watt, 32 volt, lamp is recommended for field 
floodlight or advertising beacons. For a field floodlight 
lamp, its application is the same as for the 3,000 watt 
lamp. Where a strong beam of light is required, ae in 
advertising beacons, this lamp is very effective. The 
lamp is fitted with the prong base and should be mounted 
base down. 

The 1,000 watt, 115 volt, standard airway and airport 
beacon lamp is designed to give a narrow, intense beam 
of light. It is fitted with the mogul screw base. Base 
down burning is recommended for this type of lamp. 


AC Flame Arrester 

A DUAL air cleaner-flame arrester has been developed 
that removes all hazards due to carburetor backfires from 
airplane engines. This device is the result of long re- 
search work by engineers of the AC Spark Plug Co., 
Flint, Mich., and has been tested and approved by the 
National Board of Underwriters. According to the 
underwriters’ report no flame can be made to pass through 
the air cleaner-flame arrester even under the most severe 
conditions. 

The device, attached to the intake of the carburetor 
also prevents dust particles from reaching the engine. 
The dust as it comes in contact with copper ribbons in 
the apparatuus adheres to the oiled surfaces and is re- 
tained there. The cleaning element should be washed in 
gasoline and re-oiled at regular intervals to maintain its 
efficiency. 

The principle of the flame arresting feature is the 
quenching of the flame by a material which will absorb 
it at such a rate that the gas is cooled below the point 
of ignition. This material consists of flat copper ribbon 
knitted and arranged in a container so that any flame 
emerging from the carburetor inlet must pass through. 


A 



An “Aerovane" erected 
near Chicago, III. 


Wh ere dependability was 
paramount • • • 



The Bethlehem 
Alloy and Special 
Steel Forgings 
did not fail 


A NUMBER of vital parts* in 
the three Wright Whirlwind Engines which 
drove the “Question Mark” were made from 
forgings manufactured by Bethlehem Steel 
Company, from Bethlehem Alloy and Special 
Steels. 

Imagine the terrific stresses, repeated thou- 
sands of times every minute, which these 
parts withstood during 150 hours of un- 
broken flight! Such conditions necessitate 
steels of the highest character. 

The same facilities, the same experience in 


steel-making, the same organization that pro- 
duced the alloy and special steel forgings 
which performed their vital tasks so well in 
the engines of the “Question Mark” are 
available to serve you. 

BETHLEHEM STEEL COMPANY 

General Offices: Bethlehem, Pa. 


DISTRICT OFFICES: 



’Bethlehem forgings used for parts of “Question Mark" engines included forgings for Inlet and Exhaust Cams. Cam 
Driving Gears and Pinions, Inlet and Exhaust Valve Rocker Arms, Master Connecting Rods and Straps, Articulated Con- 
nected Rods, Cylinder Sleeves. 


BETHLEHEM 

ALLOY AND SPECIAL STEELS 

THANK YOU far menltamug AVIATION 
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Schools — 

How Will You 

Attract Your Students? 


B Y excellence of instruc- 
tion, of course, which will 
bring, in years to come, a fine 
repute. For that there is no 
substitute. But what is the 
answer to the problem in the 
meantime? 

Authorities at the Chicago 
Aeronautical Exposition esti- 
mated an increase of from 
500% to 800% in the number 
of flying schools for 
1929. The competition 
to secure students will 
be keen. 

Beauty is a convinc- 
ing influence upon a 


man buying a car. Even more, 
beauty appeals to the flying 
student. Combine this beauty 
with sturdy construction and 
ease of handling as has been 
done in the Mohawk “Pinto,” 
and you have the ideal school 
plane. 

Complete information about 
the Mohawk “Pinto” will be 
sent upon request. Also dis- 
tributors.’ proposition 
for schools and other 
responsible persons or 
organizations. 

Write or wire at 
once. 



Xfifafuuul^Siiccixift 

CORPORATION 

2603 Delaware St., S. E., Minneapolis, Minnesota, U. S. A. 


Approved Type Certificate No. 95, U. S. Department of Commerce 
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BERRYLOID loosts 
Command-Aire sales 




THE CHOICE 

of Those Who Know: 


L AIRD’S unending string of air vic- 
tories prove the high standards of 
durability and reliability built into each 
Laird plane. 

There’s a vital reason when one make of 
plane so consistently proves the winner in 
race after race. In the gruelling elimina- 
tion of contest after contest standard Laird 
planes have been consistently winning: 

First in 1928 Los Angeles Closed 
Course Event No. 4. 

First and Second in Los Angeles-Cin- 
cinnati Air Derby. 

Both First and Second in the ’27 
National Air Derby. 

Second in 1928 Class B National Air 
Derby. 

For fast, practical, and dependable air 
transportation, Laird proves itself outstand- 
ing in reliability as well as speed. Thi,s 
habit of winning demonstrates Laird’s extra 
dependability — the factor that enables you 


in a Laird plane, to come through when 

The Ideal Model for 
Commercial Transportation 

The Laird cabin-ship has been a major 
development of the commercial air travel. 
A constantly increasing number of firms 
and business executives are finding fast 
transportation in these safe cabin ships — 
enclosed and finished in de luxe comfort. 
We welcome the opportunity of offering 
free demonstrations to responsible parties. 

Profitable Distributor 
Franchise Open 

In a few open territories Laird’s Distribu- 
tor proposition offers unusual opportunity 
to parties with airport facilities and funds 
to handle the sale of Laird Commercial 
planes. 

The growing list of Laird owners is a 
gratifying sign of recognition from those 
best qualified to know. 


E. M. LAIRD AIRPLANE COMPANY - 4503 West 83rd Street, Chicago, 111. 
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Antarctic Expedition 



Bark CITY OF 
NEW' YORK, equip- 
ped with a 60-calI 

Ex ^°T" e T' cy 


uses Exide Batteries 
exclusively 


Over the North Pole . . . across 
the Atlantic ... to the South Pole 
. . . these dependable batteries 
accompany Commander Byrd 


AGAIN a Byrd Expedition chooses Exide 
Xjl. Batteries. This time to the South Pole. 
Exide Batteries are on the "City of New York” 
. . . Exide Batteries on the dog-sleds . . . Exide 
Batteries on the "Floyd Bennett” as it zooms 
over Antarctic wastes. 

For these dependable batteries proved them- 
selves on the Arctic Expedition in 1925 and 
on the Byrd North Pole Flight in 1926. They 
were faithful again on the Byrd Transatlantic 
Flight to France in 1927. And now, in 1928 
and 1929, they're proving 
themselves once more. 


over every land in 
millions of miles of : 
And Exide engineers 
improve these batteri 
For electric startin 
landing lights ... for 
radio power . . . 
Exide Aircraft Bat- 


Exide Aircraft Batteries have 
also gone around the world 
. . . across the Pacific . . . 


Exi&e 

AIRCRAFT BATTERIES 


; . . . for navigation and 


THE ELECTRIC 


STORAGE 

Ex id, Batterie 


BATTERY 

of Canada, Limited, Tc 


COMPANY, Philadelphia 
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Years of 
Experience 

I T is now thirty-three years since we be- 
gan manufacturing and selling Kinnear 
Doors. Thirty-three years of continuous 
satisfaction and quality-giving service. The 
years have brought competition into the 
field but we exist and thrive because our 
product is superior, being accepted as the 
standard of quality everywhere. When we 
started in business we were thoroughly con- 
vinced that the public wanted quality at a 
reasonable price. The belief, "Quality 
First,” has become a motto that is instilled 
into every person in our organization. The 
public does want quality — you want quality 
in whatever you buy. 

We wish you could go through our fac- 
tories. You could see the pains with which 
every process in the manufacture of Kin- 
near doors is handled. It is the attention 
we give to the little details, as well as the 
big points, that gives our product that dis- 
tinction which no other has equalled. The 
men in the factory are skilled workmen who 
feel a personal responsibility in every piece 
of work they turn out. 

Our ambition has been to produce a door 
that would meet all the requirements of 
aviation buildings, especially the hangars. 
In order to accomplish this our engi- 
neers were given a free hand. They have 
now turned out both a hand operated and 
a motor operated door that will meet the 
demands made upon it. 

May we have the opportunity of going 
into details with you and figuring your 
requirements? 

The Kinnear Manufacturing Co. 

General Offices: 

S Fields Ave. Columbus, Ohio 





AVIATION 
January 19, 1929 

The front end 
of a / plane 
is like tlie hind 
end of a 

mule. ^ . 

B UT the same people who will care- 
fully stay away from a mule's heels 
will unthinkingly rub noses with a 'plane. 
They haven’t learned yet, that the front end 
of a 'plane demands the same respect as the 
hind end of a mule. 

People must be protected against their 
own ignorance and thoughtlessness when 
visiting a flying field. The surest, most effi- 
cient way to protect visitors is to restrict 
them to a fenced safety zone with an 
Anchor Chain Link Fence. 

Let us solve your fencing problems. 75 
Anchor offices located - in principal cities 
from coast to coast are ready to advise you 
or take over all details of erection. Write 
or wire the office nearest you. 


ANCHOR POST FENCE CO. 
Eastern Ave. & Kane St., Baltimore, Md. 



Anchor 

__ CHAIN LINK 

\JenceL, 
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Y^oo/t 

INSULATED 


HAIRELiTI riywood (o. 



raft 


A lthough haskelite and 

PLYMETL possess the same insulating 
quality as wood, specially insulated panels with 
cores of Balsa wood, Celotex, Masonite and 
similar materials are now being produced. 
Samples of these insulating panels were shown 
at the Chicago Exposition. 

Builders of aircraft greeted the new insulat- 
ing panels enthusiastically and are planning to 


utilize their added insulation, combined with 
great strength, and light weight for floors and 
walls to meet the flying public’s demand for all 
weather comfort and durability. 85% of ply- 
wood now used is HASKELITE. 

Aircraft engineers and builders can secure 
blue print booklet of aircraft applications on 
request. It’s free — but it’s valuable. 


PIyWooD 

=Chaskeute> 

Plya\etL 


Haskelite Manufacturing Corporation 

120 South LaSalle Street, Room 1120, Chicago, Illinois 




WHAT THIS < 
PILOT KNOWS r 


through th 
One Dollar 


SAVES YOU $50 


when you LEARN TO FLY 


The ambition of every flying student 
is to be able to handle a ship alone in 
the least time possible. Purchase of 
Clevenger’s “Modem Flight” is a long 
step in that direction. 
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More 


Ireland Flying Boats 
to Curtiss 

T he success of the Ireland Flying Boat is 
indicated by increasing sales. The Curtiss Fly- 
ing Service at their airports in Florida are tak- 
ing deliveries of these ships as fast as they are 
being finished. 

Demand for air trans- 
portation service has 
prompted Curtiss to put 
many of these Ireland 
Flying Boats into im- 
mediate commercial 
operation. Others are 
being sold to individual 
sportsmen who appreci- 
ate the unusual safety of 
this improved type of 
flying boat. 

Ireland Flying Boats 
will be sold by Curtiss 
Flying Service at all of 
the airports they oper- 
ate and plan to establish. 
Demonstrations may be 
arranged at Curtiss 
Field, Garden City or at 
Palm Beach or Miami, 
Florida. 

.1 new booklet has been prepared de- 
scribing Ireland Flying Boats and will 
be sent to anyone interested upon request. 

Ireland Flying Boats 

IRELAND AIRCRAFT, Inc. 

Garden City, N. Y. 

New York Office — 501 Fifth Avenue 
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RADIO 

ENGINEERING 

CONSULTING 

CONTRACTING 





the installation on which it will be used, ' thereby 
assuring maximum performance and constant reliable 

Telephone & Telegraph Transmitters 
Telephone & Telegraph Receivers 
Beacon & Beam Transmitters 
Beacon & Beam Receivers 
Navigational Instruments 


T 

BUNNELL 
AIRCRAFT RADIO 
CORPORATION 

.4 Subsidiary of J. H. Bunnell & Co., Inc. 

32 PARK PLACE NEW YORK 
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How To Use Aviation Insurance Protection 



An Open Market 



Economically and Advantageously” 


Is the title of our new brochure. Ask us for a copy. It explains 
i advisory service founded on 20 consecutive years’ practical experience 
ad supported by our corps of highly qualified aeronautical ei ' 
xecutives, each one of broad practical ex 
n insurance. 




Lowest Rates-Broadest C overage-Highest / ndemnities-Quickest Service 

Policies have been issued ora > Ions period of root, and, among other., in favor of Federal and State 
Government), Boeing Air Transport. Pacific Air Transport. Colonial Air Transport, Colonial Western 

fsxs&isf&tesi 

Royal Typewriter Co., Hamilton Maxwell, Inc., Pnlitrer and other race meetings, Univeraal Motion 

&S!* n p',, s ,;"i Vh,^;: 

Caddo Co., Chas. Rogera Production., Canadian Transcontinental Airways. Lid., Western Caoada Airways, 
^ - — • * — - 

Cd°" Cbari“' A," Urldt£?gb° r Sb' Hnb?T WiLkin*' 


20 YEARS OF PRACTICAL EXPERIENCE IN AVIATION 


Every Pilot and 
Executive 

Should have the facts on Aerol Shock 
Absorbing Struts. 

— They make landing comfortable — 
always. 

— They make forced landings less hazard- 

— They protect the plane and cut main- 
tenance cost. 

Write today for illustrated booklet. 

Cleveland Pneumatic Tool Co. 
3737 E. 78th St., Cleveland, Ohio 



AEROL^STRUT 



OXY-ACETYLENE EQUIPMENT 
IS OUR ONLY PRODUCT 


THANK YOU 
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I dling R ros- F verard fo. 


Kalamazoo, Michigan 



NEW YORK 

AVIATION 


FEBRUARY 6 13 


EDUCATIONAL 

INSPIRATIONAL 

ENTERTAINING 


GRAND 

CENTRAL 

PALACE 



The modern 

Aircraft Compass 
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Airports and Aviation 
Buildings by Austin 



THE AUSTIN COMPANY 




Aviation Insurance 


UNITED STATES AIRCRAFT INSURANCE GROUP 



“IF WE SELL IT— IT’S RIGHT” 


have yet a few choice, finely con- 
ditioned planes for sale. Waco’s and 
Fairchilds, OX-5, Wright J-5 and Hisso 
powered, at attractive prices. 

USED PLANE DEPT. 
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GENERAL MANAGER 
AVAILABLE 


Have just completed the 
successful organization of 
one of America’s largest and 
finest commercial aircraft 

Owing to the introduction 
of new capital and adminis- 
tration into this Company, 
my future opportunities will 
be restricted. 

Will therefore be inter- 
ested in hearing from a well 
financed concern having a 
quality line of ships, and also 
a management problem. 

BOX NO. 1160 



iNotrus Hangars? 


Jnotrus hangar corporation! 

€ 00. Y | 


Have you seen: 


The 2 1'* two passenger open 
The 4 I ~ four passenger cabin 
The yi~ seven passenger cabin 


FAIRCHILD 



AIRPLANES 



You Need This Book to 
Know Aircraft Engines 



AVIATION PUBLISHING CORPORATION 

Book Department 

250 West 57th Street, New York 


»TITANINE> ft 

Registered Trsde Mark 

A Complete Range of 

AIRPLANE FINISHING MATERIALS 

Dope-proof paint, black, white, aluminum or grey; 
Clear nitrate and acetate dopes; 

Ti-Two colored one-material dope; 

Pigmented nitrate dopes; 

Flexible wing lacquer; 

Wood and metal lacquer (for inside and outside finish) 

TITANINE, Inc. 

Union, Union County, New Jersey 


CONTINENTAL 
AIRCRAFT CORP. 

AIRPLANE 

MANUFACTURERS 

HEMPSTEAD, L. I. NEW YORK 


A Complete, New Catalog 



upon request. 

Taylor Instrument Companies 

ROCHESTER, N. Y-. U. S. A. 


SEAMLESS 

STEEL TUBING 

All Aircraft Grades 
Warehouse stocks for immediate 
shipment in any quantity. 

Mill shipments for substantial 
production requirements. 

SERVICE STEEL COMPANY 


For difficult 

tubular seaming 

Union Special Sewing Machines 

T HE Union Special " Tbirty-Fiie-Seveu"' is especially 
valuable for closing seams on wing covering sec- 
tions and a variety' of other tubular seaming. Thisstyie 

highest quality of work. 

necdVwork nd 

Send for data on the exclusive features of Union 
Special Sewing Machines and forsamplcs of their work. 



UNION SPECIAL MACHINE CO. 

400 N Franklin Street 
Chicago, Illinois 



PARKER TUBE COUPLINGS 

promote the use of seamless, non- 
corrosive tube in long lengths 
with economy and security from 
corrosion and leakage — regardless 
of changing pressures and tempera- 

Available in sires from 1/S" to 3" 
tube in innumerable shapes and 
numerous alloys. 

SEND FOR LITERATURE 

The Parker Appliance Co. 


NITRATE 

DOPE 

NEW 

IMMEDIATE 

PRODUCTION 

SHIPMENT 

Contractors to 11. S. Army and Navy 

VAN SCHAACK BROS. CHEMICAL WORKS 

3358 AVONDALE AVE. 

CHICAGO, ILL. 


Wendell P. Miller 

and Associates _ 



THANK you 



^ AVIATION 


Let Experts BjMP ■ 
Make 

Your Air-Cooled I 
Cylinders 

Until within the last few H 
years, the quantity proriuc- 1 SLKH 

tion of light weight air- H 

cooled cylinders. 
limited to tew com- | 

panies. One of these com- 
panies, with twenty-five . ' f -° e cyl nd dc 

years’ experience in this p i clc 0UI k„ 0W i c a KC 0 f 

line, has increased its facili- .he characteristics of 

ties and will be pleased to ""“s* ol “'ket. iron, end 

quote on castings only, on *‘” r ' va ,le 10 

patterns and castings from 
your blue prints, or on fin- 
ished cylinders, machined 
to your specifications. £-a-S 

S Cli ( '«i ( -i|^ >.»>i Sell 

MANLIU5,N.y 


p p o p 

1; "ROURTITE ® ® ® ® 

AQUATITE 

Waterproof Plywood 
Was Used Almost Exclusively 
in the Record Breaking 

Question Mark 

CRESCENT PANEL CO. 

Louisville, Ky. 

?????? 

.MEYR0W1TZ LUXOR Si’. 

US. Air Service Model No. 5 

Catalog' $10.75 

Dept. B, 520 Fifth Ave„ New York 


(ft jgjtb| PERRY-AUSTEN Jgfo 

; dopes T 

Nitrate Pigmented 

Perry-Austen Clear Acetate Dope 

The Lasting Undercoat 

■n,,, »•* *<•“ ! 

PERRY-AUSTEN MFG. CO. 

Contractors to United States Government 
Main Office and Worka: Grasmere, Staten Island, N. Y. 
Tel.: Donga n Hills 707 

Chicago: 510 N. Dearborn St. TeL: Superior 8948 

Everything Aeronautical 

At 

WORLD’S LARGEST AIRPLANE 
SUPPLY HOUSE 
Write for Catalog F 

Nicholas-Brazley 

Airplane Company IncJ^a 

Keeping Abreast 

of aeronautical activities is possible only by 

AVIATION 

each week. Yearly subscription rates : United 
States $4; Canada $5; Foreign $6. 

AVIATION PUBLISHING CORP. 
250 W. 57TH STREET, NEW YORK CITY 


THANK YOU for mn.lwi.imi AVIATION 
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TIME 

PAYMENT 

SALES 

W E are prepared to arrange 
a plan to meet your re- 
quirements for adequate insur- 
ance cover on airplanes sold on 
the time payment plan, protect- 
ing the interest of the manufac- 
turer, finance company, or 
purchaser as may be required. 

Aviation Protection, Inc. 

Insurance Brokers to Aviation 
1 10 William Street, New York, N, Y. 
Telephones: Beekman 5267-423! 




MACWHYTE 

Safe Lock Terminals for Tie Rods 
Made by 

Macwhyte Company, 2905 Fourteenth 
Avenue, Kenosha, Wisconsin. Makers 
of Streamline and Round Tie Rods. 



jump around in rough 
weather? No, not if they have a reasonable wing load- 
ing. Give us the ship that always swings back on her 
course without yawing if she is a little disturbed. 
KITTY HAWK does that. 

BOURDON AIRCRAFT CORP. 

Hills Grove, R. I. 
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Books on aviation regardless of where published may 
be obtained through AVIATION’S book department 
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AIRCRAFT SERVICE DIRECTORY 



pioNEERiriSTRUflEMT COnPuni 

754 LEXINGTON ftVE.BROOKl.YN NEW YORK 

TRIUMPH 

FUEL GAG^FOR^ AIRCRAFT 

THE BOSTON, AUTO^CAGE^COMP AN Y 

STEARMAN, STINSON 
AND MONOCOUPE 

GEO. A. WIES, Inc. 

Hntgi, 12 Juniper Avt. 

Curl in field Mineola, N. Y. 


_ * . Eastern Distributors 

A 1 t\. LOCKHEED “VEGA” 

SHOWALTER.~ASSOCI.ATES 

Suite 247 Write or Wire 

AIRPLANE SPRUCE 

s> eu i«. la PQ S £Y°'“' COMPANY-* 
Public Service Building PORTLAND, ORE. 


1 RUSCO 

? AERO MKOnUCTJ’ : 

i the HEMIII. N(|^ Co. : 

Everything for the Airplane 

* H CRA WF OR^AI RIOLAN E^COhtPAN Y™ 

-< 

1 

Black & Bigelow, Inc. 


Addington Aircraft Co. 

^ SWALLOW DISTRIBUTORS 

H P. O.^BOX 82 M *" , "'”m"nEOLA. N. Y. u 

o AVIATION^ ENGINES ^R^BUILT^^ 

M Sr T0 

ACCOUNTING FINANCING 

Carl David Oppenheimer, B-C.S. 
Certified Public Accountant 

742 South Hill Street. Loe Angeles. Call!. 


aUdiNetoh 

LUDINGTON PHILADELPHIA 
FLYING SERVICE, Inc. 

FAIRCHILD Distributors WACO 

OLE FLOTTORP'S RECENTLY 
DEVELOPED PROPELLER 

Flottorp Propeller Company 
CRAND RAPIDS. ' ’ MICHIGAN 

PHENIX NITRATE CLEAR DOPE 

ISMiSS 


FLYERS INCORPORATED 

OXJ end Whirlwind overhauling, all typo 
airplane rebuilding; most complete shop in 

ALBANY AIRPORT, N. Y. 

STRESS ANALYSIS 

AIRCRAFT DESIGN 
AIRPORT CONSULTANTS 
PRODUCTION ENGINEERING 

HUGH UTHOMPSON^CO.^ 

Different— Advanced— Superior 
■MONOID” Propellers 

taUnted' ‘"MONOip’ 

AIRPLANE SPRUCE 

FRANK PAXTON LUMBER* CO. 
KANSAS CITY. KANSAS 

Edward A. Stalker, 302 Eng. Bldg. 

AIRPLANE DESIGN 
Stress Analysis 
Performance Tests 

Ann Arbor Michigan 

j SEAMLESS STEEL TUBING 

I THE CLEVELAND TOOL & 

SUPPLY COMPANY 

1 1427-1427 West Sixth St. Cleveland, 0. 

CHOICE TERRITORY 
STILL OPEN TO DEALERS! 

mm\ 

INSfRUMlNTS ^<3 

»^g£jflKIMTWNAL /^ERDHAUTIQUj 

1 

AEROTECH Inc 

Moline, 111. 
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WHERE TO FLY 


New Jersey 

North Carolina 

Pennsylvania 

NEWARK AIR SERVICE 

PITCAIRN AVIATION of 
NORTH CAROLINA, Inc. 

KEYSTONE AIRPORT 
"FLYING COLLEGE" 

LEARN TO FLY! 

10-HOUR FLYING COURSE, conducted et 

P,,, 'kEYSTONE e A IMPORT 

Fnural^iS^^lml'^Mn' a«fv" 

b/*thU‘ Co^e 4 ny* , An^efr^^d° P eS , t^ 

South Carolina 

NEWARK METROPOLITAN AIR PORT 
Telephone: Mulberry 1110 

Sulee A,enta [or Cballeuffer Airplenee 

Write for Detail, 

Land Title Building 

PITCAIRN AVIATION of 
SOUTH CAROLINA, Inc. 


PHILADELPHIA 


Ne a York 

Ohio 

10-HOUR gn^^COUR^etalu^l 


FLYING SCHOOL OF THE 

^EESSillEa 

SS^inpfojio'J ^c^ , Ztoi' ^m£ d 


Land Title Buildinf 

Modem Equipment 

LUNKEN AIRPORT. CINCINNATI. O. 

s 

v -A%Oa>-jy rmi. r 

PHILADELPHIA 

Catalogue 

Texas 

Barrett Airways, Inc. 

TEXAS AIR TRANSPORT, Inc. 

PifSPij 

LEARN TO FLY 

RAVENROCK AIRPORT 

mMm 



Fnr ^r^rFLWo-i; t^° 

New York 

vSZZaSt 'equipment T?' "wS* “ind 

Texas 

Learn to Fly Now 


“«( sSS" 

TRAVEL AIR and MONOCOUPE 

P(1« IV 

Holan-Moye, Aircrall Corp . Syraruae. N. V 


TRAVEL AIR WAYS CO. 

New York 

PITCAIRN AVIATION of 

PITCAIRN AVIATION of 
VIRGINIA, Inc. 


ji^URSE. \^Z. 


Ad Tr^tr uct ‘ 


Write /or Det.il, 


Land Till. Buildin* 
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we shall go on building good ships 


It is called the new Mahoney-Ryan factory. We 
think of it as a pledge given permanent form in 
masonry and steel. It is a mile-stone in the march of 
a young industry now coming of age. 

This modern, daylight plant adjoins Lambert Field, 
the great airport of St. Louis, Missouri. The site 
covers nine acres. Provides every known facility for 
the production of trustworthy ships. 

And now in quantity production is the new Mahoney- 
Ryan Brougham, which will carry six in comfort and 
security when powered by the Wright Whirlwind J-6 
engine, 300 horsepower, or five with 
the J-5 Whirlwind. 

Built into this ship are the engineer- 
ing principles proved sound in the 
world’s greatest endurance flights. In 
cabin refinements, it approximates the 
luxury of a high-class motor car. It 
delivers ten miles to the gallon of gas- 


oline and its safe cruising radius is eight hundred miles. 

The Mahoney-Ryan Brougham takes off faster and 
lands slower, with its full load, than any other plane of 
its type. It is the only plane of its type with a service 
ceiling of over 16,000 feet. It is the only plane 
powered with one engine that has lifted a useful 
load of 2,500 pounds from a field 7,600 feet above 
sea level. 

These facts have been demonstrated in open compe- 
tition ; they are beyond dispute. Because of these facts, 
the Mahoney-Ryan Aircraft Corpora- 
tion builds and sells more Whirlwind 
cabin monoplanes than any other 
maker. This volume makes possible 
the attractive price. 

Send for descriptive booklet, fully 
illustrated, which is gladly forwarded 
upon request. 


A FTERcompletinghisNew York to Po. is 
- Bight , Col . Lindbergh said : 1 ‘ I had what 



Present representation includes these leading distributors: 



IMAIIONIY - RYAN AIRCRAFT CORPN 

Anglum (St Louis County) Missouri 


San Diego, Cal. St. Louis, Mo. 

THANK YOU for mentumma AVIATION 
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By Ivan H. Driggs 

’/■«. & Mgr. Driggs Aircraft Carp. 


J N the last few years the Prandlt Theory has come 
to be recognized as a very useful principle in the 
hands of the airplane designer or technician. How- 
ever, full use is not generally made of the simplifying 
formulae resulting from it. The average person is too 
prone to hold to old ideas. The writer feels that a fuller 
use and understanding of this theory will greatly clarify 
the thinking upon the subject of the factors that affect 
airplane performance. 

This article is written to assist in the above undertaking 
and it will set forth a few formulae that have resulted 
from the study of the subject. Part of these expressions 
are original and some are due to other writers. No 
attempt will be made to prove the truth of the general 
theory of Induced Drag as first suggested by Dr. Prandtl. 
The reader is referred to any modern text book on this 
subject for the general proof. 

According to Dr. Prandtl the drag of an airplane wing 
in a perfect fluid, i. e. a fluid without viscosity, is given by 
D = L7^qb= (1) 

Where D = drag 
L = lift 

b = span" 

He also states that the same formula may be applied 
to the multiplane if a correction factor to lie applied to 
the value of the span, b 1 . This correction factor is greater 
than unity so that the value of b used in the above ex- 
pression is greater than the actual span of the cellule in 
the case of the multiplane. The value of this factor is 
about 1.1 for the average biplane, so that 
b = 1.1 b l 

where b' = actual span of cellule. 

Equation (1) may be expressed in the form of coeffi- 
cients as follows. 

C.-C.7R (2) 

Where Ci= induced drag coefficient 
Ci= Ii ft coefficient 
R = aspect ratio = b7S 
S = total wing area 

expressed in engineering units of lb. per sq. ft.-mi. per hr. 
equation (2) hecomes 

K„ = 125 K,7R. (2a) 

In figure 1 has been plotted the above expression for 
wing drag as found by Prandtl and the actual measured 
drag of the Clark Y aerofoil. It can be seen that the 
theoretical and the actual curves disagree by a practically 
constant amount below the angle of maximum lift. This 
does not necessarily prove an error to the theory but 
rather that all the facts are not considered by it. In the 
mathematical treatment from which Dr. Prandtl derived 


expression ( 1 ) it was necessary to assume a fluid without 
viscosity. This assumption is not strictly true in the case 
of the atmosphere and consequently we have the differ- 
ence as shown by Fig. 1. 

By testing a number of aerofoils of different aspect 
ratios but of the same section it has been found that the 
difference above noted is in all cases the same. This 
quantity is then a function of the wing section only and 
is called section drag. 

One of the first uses to which equation 1 was put was 
the correction of wind tunnel results of one aspect ratio 
to apply to a cellule of another ratio. This correction is 
done by means of the following equation, correcting from 
aspect ratio A to aspect ratio X, 

C d ,-C d .-C 1 7m/A-1/X) (3) 

or (R„),= (K,)„— 125 K r -(1/A — 1/X) (3a) 

Equation (3) is now the standard method used by 
practically everyone to transfer the wind tunnel results 
at one aspect ratio to any other, or to correct for biplane 
effect. The value of the aspect ratio to be used in the 
above expression is not the span divided by the chord 
but the expression, 

R - (kb')7S. 

When we consider the complete airplane we must in- 
troduce one more division of the drag, namely that due 
to the fuselage, landing gear, tail surfaces and structural 
bracing. This resistance has been called very properly 
the parasite drag since it produces no useful work. We 
then have three parts to the resistance of the complete 

1 . The induced drag = lA/^qb 2 . 

2. Wing section drag = C»qS. 

3. The parasite drag — CpqSp. 

The wing section drag and the parasite drag are simi- 
lar and may be grouped together under parasite as a 
division representing the difference between the total drag 
and the induced drag. That is, 

D, = lAAqlr-f 1.28qS„ (4) 

where the value of the area, S p , is made up of the wing 
section drag as well as the structural parasite. 

In Fig. 2 we have plotted the polar curve for the VE-7 
airplane as determined from full flight test. This curve 
shows that the value of S p is practically constant through- 
out the range of angles investigated. The dotted curve 
is given to show the actual deviation from the above 
assumption. It is true that all airplanes may not show 
such agreement, but the VE-7 is a fairly representative 
type and there are probably other airplanes that are con- 
siderably better in this respect. In all cases of full flight 
analysis that the writer has carried out the agreement be- 
tween the two curves has lieen equally as good and better 

This discussion has been given to show that the prin- 
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ciples given in the preceding paragraphs very closely fol- 
low the facts as shown by the full flight polar of a speci- 
men airplane. A great number of the engineering for- 
mulae used every day show discrepancies from the actual 
facts as great, if not greater, than those shown in this 
case. Their simplicity and ease of application justify 
them. We believe that in this case, also, the simplicity 
of equation (4) and the great number of laws that may 
be derived from it fully justify and recommend the above 
assumptions for general use. 

If we differentiate equation (4) with respect to q and 
place the result equal to zero for a minimum we find. 
dD,/dq = 1.28 Sp — L7*q s b s — 0 
1 .28qS p =L7'" qb = . 

This demonstrates a very interesting and useful 
principle, i.e.. at the velocity of minimum drag the in- 
duced drag equals the parasite drag. 

q(min. drag.) = L/2b\ S _ (5) 

Y ( min. drag) = ( 14 VL/ vb* VSp) . (5a) 

Substituting in equation 14) we have the minimum drag. 

D,(min.) = 1.28LyS p /l>. (6) 

Since the value of s. the density of the air, does not 
occur in equation (6), the minimum drag is independent 
of altitude, and depends only on the weight (equivalent 
to L), the parasite area and the span. 

From equation (6) we may find the value of the maxi- 
mum L/D. Since the weight is constant and equals L, 
the max. L/D is given : 

L/D (max )=. 782l>/ V Si- (7) 

This is a very useful expression and can best be re- 
membered as: 

The maximum L/D equals three-fourths of the equiva- 
lent wing span divided by the square root of the parasite 
area in sq. ft. 



To show the type of results obtained we will take the 
following example : 

Let b = 30 ft. 

S„= 5.5 sq. ft. 

Then L/D( max. ) = .782 x 30 4- 2.34 = 10. 

If S p = 9 sq. ft. 

L/D(max.)=.782 x 30 4- 3 = 7.8 

Both of the above results are very reasonable, in fact 
the writer has checked a great number of model tests and 
found surprisingly close results between all of them and 
the above equation. 

Formula (7) is especially useful in connection with 
calculations using Breguet’s expression for range or en- 
durance. as well as the equations for performance devel- 
oped by Lieut. Walter S. Diehl. 

The methods employed above are capable of demon- 
strating some very interesting rules for use with the design 
of gliders or soaring machines. Equation (7) of course 
is directly applicable to the case of the glider in which 
case the problem is to glide the greatest distance from a 
given starting point. Provided that sufficient area is pro- 
vided that the speed given by formula (5) can be attained 
at a lift coefficient not too close to the maximum, the maxi- 
mum distance that can be obtained by any glider from a 
given starting point will depend upon the span and para- 
site only and is given by 


D r .782 Jlb/\ S„ (8) 

Where D=.Max. distance from starting point to end 
of flight. 

H = Height of start over end of flight. 

If we consider an airplane gliding downward at a speed 
\ with a gliding angle of a, and if u equals the speed 
of vertical descent 

or for small angles 

n = V tan « 
but tan a = D/L 
therefore u = VD/L 

Substituting the value of D, from equation (4) and 
then differentiating the value of u with respect to V for 
a minimum, we find that the value of u is a minimum when 


q = .289L/bVS p in absolute units (9) 

V = 10.62yL/Vb 4 VS p engineering units (9a) 
Substituting equation (9) back into equation (4) and 
the expression for u we find the value of the minimum 
sinking speed, 


u (min.) = 1.12VL , VS p /V'’Vb 3 absolute (10) 
u (min.) = 15.68VL , V^ P /Vb 3 engineering (10a) 
but L = C,Sq or L = K„SV-’ 

Substituting in equation 9 we find 

S ---- 3.46bVS„/Ci absolute (11) 

S = ,0088b VVK, engineering (Ha) 

I his is the area to give the soaring machine in order 
that the value of the sinking speed as given by formula 
( 10) may be realized. The value of Ci or K, used in the 
above expression should not be the maximum lift coeffi- 
cient but should be somewhat less. The actual value used 
should be approximately at that point where the flow is 
still stable and the polar curve of the wing is still follow- 
ing the theoretical induced drag polar. 

It is seen from the above expressions that the weight 
ol a soaring machine does not determine its area nor does 
the weight enter into the expression for minimum sink- 
ing speed to a very large degree. This explains why 
some of the most successful German soaring machines 
have been somewhat heavy blit have enormous spreads 
and are as clean as possible. The designers have sacrificed 
weight in building structures that are very clean and have 
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a very great wing weight clue to excessive spans. The 
planes are made as clean as possible in order to keep down 
the necessary wing area as given by formula (11). The 
writer does not want in any way to give the impression 
that weight is not important in the case of a soaring 
machine, but rather that it is not of major importance. 
An example will be used to illustrate the point, 
let b = 40 ft. 

S p = 2 sq. ft. 

C,= 1.00 
L = 4C0 lb. = W 

then S = 3.46 x 40 x 1.414 -r- 1.00 — 196 sq. ft. 
u (min.) = 1.12 x 20 x 1.19 .0487 x 253 

— 2.16 ft. per sec. 

If the weight were increased 10% 
u (min.) =2.27 ft. per sec. 

If the span is increased 10%, the area S is also increased 
10% with an attendant increase in weight of say 3%, but 
the value of the minimum sinking speed becomes 

u (min.) = 1.12 x 20.3 x 1.19 -r- .0487 x 292 
= 1.9 ft. per sec. 

This is a decrease of 12% in minimum sinking speed. 
If we were to go on increasing the span and therefore 
the area and weight we might finally reach a point where 
any further increase in spread would have such an effect 
upon the weight both due to increased area necessary and 
increased bending loads on the wings that no further de- 
crease in the minimum sinking speed would result. Al- 
though no increase in S p was assumed in the above com- 
parison actually an increase of wing area would affect 
that quantity to some extent. This would naturally affect 
the optimum span that could be used for any problem. 

The whole question of the design of the soaring machine 
as far as aerodynamics is concerned is well covered by 
the above equations. To the mind of the writer the prob- 
lem of designing a soaring plane can be simply sum- 
marized as follows : Make the fuselage, landing gear and 
tail surfaces as light and as clean as possible. Choose 
an aerofoil with sufficient depth to provide strength and 
one with a small center of pressure movement. The drag 
coefficient of the aerofoil at a point somewhat less than 
the burble point should be as small as possible. With 
the above quantities determined apply equation (11) with 
an estimated value of the total parasite area and a chosen 
value of the span. From the area resulting check the 
value of S p assumed and determine the total weight. Find 
the value of the min. sinking speed from (10). Repeat 
using various values for b and plot the results against b. 
From such a curve it can very readily be determined 
which is the best span to use and the minimum sinking 
speed corresponding. 

The problem is more complicated than the simple state- 
ment above due to the fact that there is no simple mathe- 
matical formula that gives the variation of wing weight 
with span and area. The consideration of this problem 
is outside the scope of this paper, but the writer hopes 
to publish a paper at a later date that will consider this 
aspect of the question. At present it would be necessary 
to design and calculate the weights of the various wings 
under consideration. 

In previous paragraphs we have considered the airplane 
as without power. It is possible to write an equation of 
power required for flight from equation (4) as follows: 

D, = .637 L'/fV 1 !) 2 + .637 pV 2 S„ rewriting equation ( 4) 

D, = 125 L a /V s b 2 + .00327V 2 S„ in engineering units. 

Multiplying through by V and dividing by 550 in one 
case and 375 in the other we have the equation of power 
required, 

P r = L ! /3Vb 3 + .00000872V 3 Sp engineering units ( 12a) 

P r — .001 16L 3 /pVb J + .001 16 pV 3 S p absolute (12) 



By differentiating the above expressions and placing the 
result equal to zero for a minimum we are able to obtain 
the speed that gives the least power as well as the value 
of the least power. 

dP r /dV = ,00348eV% — .001 16L=/PV a b 3 
.00116L 2 //>V 2 b 5 _ ,00348V 3 PSp. 

From the above equation it can be seen that at the speed 
of minimum pmver the induced drag is three times the 

q (min. power) = .289L/bVS p absolute (13) 

V (min. power) = 10.62VTVVb * VS P ( 13a) 

The above equations are the same as formulae (9). 
Therefore the speed at which we have the least power 
is the same at which the least sinking speed occurs. 

P r (min.) = .0066VL 3 ‘VSp/Vf Vb 3 absolute (14) 
P r (min.) = .042 ’v~pV~ / engineering units 

(14a) 

These formulae are very different from those generally 
used in showing the dependance of the power required 
upon the airplane characteristics. Generally, wing loading 
is considered the most important of those characteristics. 
In these formulae, however, the ratio of Weight to Span 
or span loading is the most important. The wing area 
enters into the equations in a secondary manner. It is 
still important for the best possible performance from a 
given set of conditions. Commonly the wing area is de- 
termined from the landing speed desired, with a tendency 
to increase that as much as possible in order to cut down 
the parasite. This policy is correct if a racing plane is 
desired, but for commercial uses where weight carrying 
and economy are desired better results may be obtained 
by the uses of the formulae given in this paper. In gen- 
eral all airplanes have too small a wing area for the opti- 
mum performance. To illustrate this point we have cal- 


AVIATION 


Aeronautical Engineering Supplement 


culated Table I. The values of the quantities given were 
taken from full flight tests, and therefore do not contain 
any element of speculation. In all cases the value of Ci 
for equation (11) has been taken as unity, that is Ci = 
1.00. In a paper to follow it will be shown that practically 


TABLE I 



all good aerofoils will give the minimum area according to 
formula (11) at the value of the lift coefficient. 

From the above table it can be seen that an increase 
of wing area would have allowed the value of the mini- 
mum power according to equation (14) to have been 
attained with a consequent increase in ceiling and mini- 
mum radius of turn, or in the case of the bombers, an 
increase in endurance. It is true that the maximum speed 


would be diminished by an increase in parasite due to 
larger wings, but the speed at altitudes would not have 
been materially affected. In fact a little closer study in 
the elimination of structural parasite would have been 
much more logical than the reduction of wing area to 
increase the high speed. 

To summarize, we have found a rational formula for 
the drag curve of an airplane over the useful range, and 
from that have determined the minimum drag and con- 
sequently the maximum L/D, and the velocity at which 
they occur. From a resulting power equation we have 
also found the value of the minimum power and the speed 
at which it occurs. We have shown that the wing area 
should be determined from the speed of minimum power 
rather than the landing speed desired. We have also 
investigated the case of the glider and soaring speed and 
have given the minimum sinking speed for the soarer. 

There are numerous other uses to which these equa- 
tions may be put. By introducing an equation of Power 
Available we may easily find the maximum speed, the 
absolute ceiling, the minimum radius of turn, the maxi- 
mum rate of climb at the ground and at any altitude, the 
maximum range and the maximum endurance. Also we 
may find a very rational way to classify different aerofoils 
and to choose the one best suited to a given problem. 
The writer plans to take up the additional problems in 
later papers. 
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Research Paper No. 35, Department of Commerce 
Bureau of Standards, by E. Z S, dwell — This paper de- 
scribes a method of transmitting unidirectional beacon 
signals for the aural or visual guidance of aircraft. The 
method consists in transmitting directive and non-direct- 
ive Helds simultaneously with the proper phase and ampli- 
tude relations between them to secure unidirectional trans- 
mission. 

These signals increase the efficiency of the beacon from 
the power standpoint, reduce interference from other 
beacons, and reduce the number of radiated courses to 
one. It is believed that the polar characteristic of the 
radiated field is about the optimum for aircraft use. 

National Advisory Committee for Aeronautics, Tech- 
nical Report No. 294, The Measurement of Maximum 
Cylinder Pressures, by Chester IV. Hicks. — The work 
presented in this report was undertaken at the Langley 
Memorial Aeronautical Laboratory of the National Ad- 
visory Committee for Aeronautics to determine a suitable 
method for measuring the maximum pressures occurring 
in aircraft engine cylinders. The study and development 
of instruments for the measurement of maximum cylin- 
der pressures has been conducted in connection with car- 
buretor and oil engine investigations on a single cylinder 
aircraft-type engine. Five maximum cylinder-pressure 
devices have been designed, constructed, and tested, in 
addition to the testing of three commercial indicators. 

Values of maximum cylinder pressures are given as 
obtained with various indicators for the same pressures 
and for various kinds and values of maximum cylinder 
pressures, produced chiefly by variation of the injection 
advance angle in a high-speed oil engine. It is the high 
pressure of short duration that is most difficult to meas- 
ure, because the time of its duration is so short that little 
work can be done to operate an indicator. 

The investigations conducted thus far indicate that the 
greatest accuracy in determining maximum cylinder pres- 
sures can be obtained with an electric, balanced-pressure, 
diaphragm or disk-type indicator so constructed as to 


have a diaphragm or disk of relatively large area and 
minimum seat width and mass. 

Natioml Advisory Committee for Aeronautics, Tech- 
nical Report No. 292, Characteristics of Five Propellers 
in Flight, By }. IV. Crowley, Jr., atul R. E. Mi.rson . — 
This investigation was made by the National Advisory 
Committee for Aeronautics at Langley Field for the pur- 
pose of determining the characteristics of five full-scale 
propellers in flight. The equipment consisted of five pro- 
pellers in conjunction with a VE-7 airplane and a Wright 
E-2 engine. The propellers were of the same diameter 
and aspect ratio. Four of them differed uniformly in 
thickness and pitch and the fifth propeller was identical 
with one of the other four with the exception of a change 
of the airfoil section. The propeller efficiencies measured 
in flight arc found to be consistently lower than those 
obtained in model tests. It is probable that this is mainly 
a result of the higher tip speeds used in the full-scale 
tests. The results show also that because of differences 
in propeller deflections it is difficult to obtain accurate 
comparisons of propeller characteristics. From this it is 
concluded that for accurate comparison it is necessary to 
know the propeller pitch angles under actual operating 
conditions. 

National Advisory Committee for Aeronautics, Tech- 
nical Report No. 300. The Twenty Foot Propeller Re- 
search Tunnel of the National Advisory Committee for 
Aeronautics. By Fred E. Wrick and Donald H. Wood . — 
This report describes in detail the new propeller research 
tunnel of the National Advisory Committee for Aero- 
nautics at Langley Field, Va. This tunnel has an open 
jet air stream twenty feet in diameter in which velocities 
up to 1 10 m.p.h. are obtained. Although the tunnel was 
built primarily to make possible accurate full-scale tests 
on aircraft propellers, it may also be used for making 
aerodynamic tests on full-size fuselages, landing gears, 
tail surfaces, and other aircraft parts, and on model 
wings of large size. 
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Thr ust Horsepower and 
Engine Em ciency 


By Lieut. Comdr. J. M. Shoemaker 

Bureau of Aeronautics. Na-.y Deportment, Washington, D. C. 


T HE several fundamental requirements of an air- 
craft engine have been discussed by many. The 
commonly accepted fundamental requirements, set 
down without reference to their relative importance, are: 

(1) Minimum weight per lip. 

(2) Maximum dependability. 

(3) Maximum durability. 

(4) Maximum economy. 

(5) Minimum cost. 

(6) Maximum ease of maintenance. 

In addition to the above requirements, I should like to 
present for consideration a requirement which, for want 
of a better name, I have called “Maximum effective 
thrust per horsepower. 1 ' This requirement has to do with 
the effective thrust available in an aircraft power plant. 

An aircraft engine’s direct output is brake horse power, 
while the output of the airplane power plant (which in- 
cludes the propeller) is thrust horse power. The t.hp. 
developed is, of course, dependent on the efficiency of the 
propeller used. The propeller should be so designed as 
to deliver the maximum t.hp. possible with the given con- 
ditions. For purposes of comparison, it is assumed that 
this is the case, — that all the aircraft power plant types 
discussed have the most efficient propellers possible. 

Aircraft engine design affects the effective thrust horse- 
power in two ways,— directly and indirectly. The direct 
effect is the speed of rotation at which the engine de- 
velops its power. The efficiency of a propeller increases 
with: 


ND 

where Y= speed of advance of the aircraft, X= speed 
of rotation of the propeller and D=propeller diameter. 

Hence, a high-speed engine with a propeller driven at 
crankshaft speed is less efficient than a slower turning 
propeller in the same aircraft. (The slow-speed pro- 
peller will be of slightly greater diameter, but the effect 
of change in r.p.m. will be much greater and hence the 
latter will have much more effect on propeller efficiency). 
A high-speed direct-drive propeller may also suffer a loss 
of efficiency due to excessive propeller tip speed. There 
is very little definite information as to the tip speed be- 
yond which propeller efficiency falls off. but we have not 
been far wrong in assuming that it is in the neighbor- 
hood of 900 ft. a sec. 

We see that the effect of high crankshaft speeds is to 


lower thrust horsepower directly due to its affect on 


ND 

and on propeller tip speed. Consequently, with high- 
speed engines it is necessary to incorporate reduction 
gearing between the crankshaft and the propeller shaft 
in order to reduce propeller speeds. This reduction gear- 
ing is an additional complication due to its reduction of 
engine durability, dependability, and ease of maintenance 
and increase in engine weight per hp. and engine cost. 
In addition, the transmission of engine b.hp. through gear- 
ing to the propeller shaft involves a slight loss in power, 
although this does not amount to more than a few per 

Until recently, American practice in the use of reduc- 
tion gears was to employ a 2:1 reduction ratio. The 
latest ideas as to the choice of the proper reduction gear 
ratio take into account the increase in propeller diameter 
and propeller weight due to reduction gearing. The dis- 
advantage of increased propeller weight is self-evident. 
Increase in propeller diameter, while maintaining the 
same ground (or structure) propeller tip clearance, not 
only requires additional weight of structure but the added 
length of supporting structure increases the parasite re- 
sistance of the aircraft. For these reasons, the latest 
practice in regard to reduction gear ratios is to choose 
one which will give a value of : 


V 



( where V=m.p.h., N=r.p.m. and D=ft.), and a pro- 
peller tip speed not greater than 900 ft. per sec. Work- 
ing to these values will give a propeller efficiency some- 
where near the maximum, and yet will insure that pro- 
peller diameter and weight are held to a minimum. 

The indirect effect of engine design on the effective 
t.hp. of jin aircraft power plant is the drag (air resist- 
ance) of the engine as installed. The thrust of the pro- 
peller overcomes the drag of an aircraft, of which drag 
that due to the engine is an important component. So If 
the engine is of such a shape or size that its inherent air 
resistance is high, the effective thrust is proportionately 
diminished. One of the drawbacks of the radial engine 
is its high drag. This can be cut to a minmum by totally 
enclosing the engine with cowling, but with an increase 
in weight of structure and an evident sacrifice of visibility 
(in a single engine tractor installation). 
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for Lateral Stability 


By B. V. Korvin-Kroukovsky 


I N our previous paper on Stability on Controllability 
of Airplanes' we gave quite comprehensive discus- 
sion on the subject of lateral stability. We explained 
the meaning of lateral stability, considered in turn all the 
elements on which it depends, and proceeded to consider 
the combined effect of these elements on flight of un- 
controlled models. We extended the discussion further 
and analysed the effect of different types of lateral stabil- 
ity or instability on the action and “feel" of controls. 
Our discussion, however, was purely qualitative. Our 
aim was to explain the subject in such a way as to 
enable the test pilot to make correct diagnosis of the 
airplane he is testing, and to convey his information to 
the designer in terms, the meaning of which would be 
clear to both. The explanation of the problem was 
definite enough to show the designer the way to correct 
the defects of his machine after receiving the report 
from test pilot. The lack of quantitative date, however, 
made it impossible to predict the characteristics of the 
airplane in regard to aileron and rudder control from the 
design data. In this paper we will supplement our 
previous papers, and will give approximate formulate for 
preportioning the amount of dihedral and fin area, so as 
to obtain the desired kind and degree of lateral stability. 

We defined the lateral stability as the ability of an air- 
plane to maintain the flight in a straight line with the 
span of the wings horizontal, and the tendency to return 
to this attitude after each disturbance. The mathematical 
theory shows that lateral stability of an airplane in case 
of straight flight depends on nine different characteris- 
tics, and in case of curved flight it is involved in thirty- 
six different characteristics, making the problem exceed- 
ingly complicated. It shows mercy, however, attributing 
predominant importance to only two of these character- 
istics, namely to stability in roll and stability in yaw 8 . 
The stability of an airplane in yaw and in roll is a neces- 
sary condition for the lateral stability, but it is not suffi- 
cient condition. The relation between the stability in 
yaw and the stability in roll is even more important than 
their individual values. The airplane will become lat- 
erally unstable if the stability in yaw is excessive, as well 
as if it is insufficient. The excess of stability in roll, as 
well as the lack of it, leads to lateral instability. The 
whole problem of securing lateral stability is essentially 
that of balancing these two elementary characteristics. 

Let us imagine a perfectly normal and well balanced 
airplane in a straight flight, and let it be suddenly banked 
by a gust of wind or by pilot's action. The force of 
gravitv remains vertical, but the lift force of the wing 
remains normal to the span and therefore is inclined by 
the angle of bank, as this is shown in Fig. 1. These two 
forces, when added geometrically, leave the unbalanced 


component directed along the span of the airplane. This 
competent produces the side slip which brings into play 
the forces and moments affecting the lateral stability. 
Fig. 2 shows the airplane banking and sideslipping. The 
velocity of sideslip v added geometrically to the forward 
velocity U produces the angle of yaw As the airplane 
is sideslipping to the left, the air pressing on the vertical 
fin and rudder produces the yawing moment Nw. This 



moment yaws the airplane to the left, to head it into the 
relative wind with the angular velocity r. This tendency 
of the airplane to head into relative wind is known as 
the stability in yaw. 

As the airplane yaws to the left under action of the 
moment N„ generated by the fin action, its right hand 
wing moves forward and left hand one moves backward. 
This motion is combined with forward velocity U and re- 
sults in right hand wing moving through the air withdiigher 
velocity than left hand one. The wing moving faster 
generates more lift than wing moving slower, and the dif- 
ference in lift generates the rolling moment L r , tending to 
roll the machine in the direction of the original bank. 
Thus we find that presence of the vertical fin made the 
machine stable in yaw by generating the moment Nr/, but 
it had secondary effect generating the moment L, which 
is dertimental to stability in roll. It tends to roll the 
machine in wrong direction, and to increase the bank. 

The slide slip, however, acts directly on wings, as well 
as on fin and rudder. If the wings are set at a certain 
angle of dihedral, they generate the rolling moment Lt' 
which is a stabilizing moment. This moment tends to lift 
the wing on the side of the side slip, ie. when side slip is 
to the left it tends to lift the left wing, thus reducing the 
bank. Here now is the question of lateral stability in a nut- 
shell. If the stabilizing moment Lv due to dihedral is some- 
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FUSELAGE AND WING CONST RUCTION 
B — Bolted P — Plywood cover 

Cor. — Corrugated R— Riveted 

D— Duralumin S — Steel 

F— Fabric cover T— Tubing 

Mon — Monocoque Wd— Wood 

0 — Open section Wl — Welded 

BRAKES: 

B — Bendix L — Lockheed 

Ex — Extra S — Sausedde 

H — Hydraulic Std — Standard 


N — Navigation light* 

CONTROL: 

A — Arens 
C— Cables 
D — Dual 
De— Wheel 
P— Push rods 
8 — Stick 
PI— Pedal 


Arl — Aerol 
C— Cord 
D — Compression 
Grs — Gruas 
Hy— Hydraulic 
O-Oleo 


P— Pneumatic 
R — Rubber 

RAR— Rusco Aero Rings 
S — Coil Spring 
T — Trombone 


D — Duralumin 
E — Edo 
F— Fairchild 
H— Hamilton 
M — All metal 
W — Wood 
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what larger than destabiliging moment L, due to yaw, the 
machine will gradually roll to the right and after one or 
two slight oscillations will resume the original attitude. 
This is the case of normal stability. If on the other hand, 
the L.v is smaller than moment L, due to yaw, the latter 
will roll the machine to the left thus increasing the bank. 
Increased bank will cause increase of the side slip, which 



will in turn increase the rate of yaw and the destabilizing 
moment L r . Here we have the case of small initial side 
slip generating yaw, and yaw aggravating the side slip. 
The machine deviates from the straight flight and travels 
along the spiral path, gradually tightening the turns. This 
is the case of spiral instability, which is characterized in 
actual airplanes by tendency to overbank on the turns, 
and in ability to make perfect turns by using ailerons 
alone, while holding the rudder practically neutral. 

Were the moment Lr» due to dihedral very large, and 
the moment L r due to yaw very small, the machine side- 
slipping to the left would level out too quickly. The 
forces due to angular as well as translational velocity of 
roll and of side slip would carry the machine past the 
normal attitude, and would make it bank to the right. 
The bank to the right would cause the side slip to the 
right, and the cycle would be repeated on right hand side. 
Instead of the straight flight we have here the series of 
large oscillations alternating from one side to another. 
This case is known under the name of unstable oscilla- 
tions. Actually the nature of flight varies from gentle 
persistant roll all the way up to severe oscillations in- 
creasing with each beat, depending on just how large is 
the dihedral and how small is the fin area. Slight fur- 
ther decrease of fin area or increase of the dihedral 
would lead to spin instability, when the machine unstable 
in yaw tends to turn around and to fly tail first. Thus 
we see that while the moment L r — rolling moment due 
to yaw — is destabilizing, and the excess of it leads to 
spiral instability, a certain amount of it is quite neces- 
sary. It tempers the moment Lv — rolling moment due to 
side slip, the violence of which leads to unstable oscilla- 
tions if not properly tempered. As the strength of the 
moment L r for any given airplane depends on the strength 
of yawing moment Nv, we come to conclusion that there 
must be certain optimum value of the ratio of Nr to 
Lr at which the stability can be obtained. 

The rolling moment due to side slip which we designate 
by Lr depends on the amount of the fin area above the 
center of gravity, on sweepback of the wings and on the 
dihedral. The dihedral, however, has so much more 


effect on the moment Lr than all the other factors com- 
bined that we can concentrate on it all our attention and 
disregard the rest. Theoretical considerations 1 show that 
magnitude of the moment L» can be determined by the 
formula. 

iy Lr=-Kb0SnU 

b — is half span of the wing in ft. 

P — the angle of dihedral, which we will measure in 
degrees. 

U — the speed of flight. 

S — wing area in sq. ft. 

n — slope of the lift coefficient curve which de- 
pends on the aspect ratio and can be deter- 
mined with sufficient accuracy by the empirical 
formula. 

_ 0.1 R 
"~R+2 

where R — aspect ratio determined as 
R=(2b)*/S 

K — numerical constant the value of which is of no 
interest to us now. 

The experiments confirm the formula [1] for the 
angles of attack within the flying range, but show that 
even straight wing has certain degree of stability in roll. 
In order to account for this in the following work we will 
add J4 deg. to the actual dihedral, using P -|- 0.5 instead 
of P in formula [1], 

The yawing moment due to side slip, which is designated 
by Nt\ depends mostly on the side area and shape of the 
fuselage and on the combined area of the vertical fin 
and rudder. The yawing moment due to fin and rudder 
can be determined by the formula: 

[2] Ntr=Ks,In,U 

where s t — is combined area of the fin and rudder. 

1 — distance from the center of gravity of the air- 
plane to center of pressure on the vertical tail 
surface, which is located at 25 per cent, of its 
mean chord. Actually we will measure the 
distance 1 from the center of gravity to the 
rudder hinge. The error thus introduced is 
very small, and the work of measuring and 
computing the data is made considerably 

ni — slope of the lift coefficient curve for the ver- 
tical tail surface. In view of a very small 
aspect ratio of vertical tail surfaces ordinarily 
used, the n, varies but little, and we can as- 
sume for it the average value of 0.030. 

U — speed of the flight. 

The yawing moment due to fuselage can be determined 
in a similar way bv the formula 

[3] Nr/ — 0.015 Ks, XU 


Si — side area of the fuselage in sq. ft. , 

X — distance of center of pressure on the fuselage 
from the center of gravity. X is positive if 
the center of pressure is behind the center of 
gravity, and negative if it is ahead of it. The 
center of pressure is assumed to be at 25 per 
cent of the fuselage length. 

0.015 — a constant taking place of n, used for the fin, 
Now we can combine the formulae 1, 2 and 3 and write 
the expression for the ratio of Nz» and hv as 
" _ 0.030 s, 1+ 0.01 5 s,X 


[4] 




1. S n (P + 0.5) 

The coefficient K we will call hereafter the coefficient 
or lateral stability. The discussion given above makes us 
expect that certain values of this coefficient will cor- 
respond to stability, while certain higher values will 
correspond to spiral instability, and certain lower values 
will correspond to unstable oscillations. In order to find 
out just what these values are, we will turn now to con- 
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sideration of the few actual cases characteristic for dif- 
fent kinds of stability and instability. 

As the first example we will consider Aeromarine Mail- 
plane AM-1 the photograph of which is shown on Fig. 4. 
This machine was built in 1923 for replacement of DH-4 
airplanes used at that time by the Air Mail. The choice 
of it as an example for this article is justified by the fact 
that writer was placed in charge of its design, and i> 
therefore thoroughly familiar with all its details, as well 
as with subsequent troubles. It was realized that Air 
Mail pilots were accustomed to DII-4's, and the attempt 
was made to have the characteristics of the new machine 
somewhat similar to DH-4. Vet it was desired to im- 
prove the “directional stability,” as the feature most im- 
portant for the cross country flying. To achieve this 
end the fuselage was made about three feet longer and 
the vertical tail surfaces were somewhat increased in size. 
At the same time the upper wing containing almost 2/3 
of the wing area was made straight, and only lower wing 
had the dihedral of 3°, so that mean dihedral was only 
1.15° instead of 3° for DH-4. The resulting difference 
between these two machines can be seen in Fig. 3. Turn- 
ing to the notation used in this paper we can say that 
moment Nr was increased while the moment l.r was de- 
creased. 

The flight tests were disappointing. The machine did 
not become "directionably stable,” but on the contrary 
had to be kept on its path by the pilot. Either one or 
another wing would become heavy. After the spiral 
glide through the opening in the clouds the pilot found it 
difficult to level it. The ailerons were heavy and in- 
effective, despite being balanced. The rudder would 
swing the machine around, but there its effect ended, the 
machine did not tend to bank in response to it. To make 
a long story short, the machine displayed what we know 
now to be spiral instability. Check of the lateral stability 
coefficients now, five years after it was built, shows the 
coefficient of 93 for this machine, as against 51 for DH-4 
which had satisfactory stability characteristics. 

This example was related here in such detail as it is a 
very typical case of encountering the spiral instability 
because of a common misconception of (lie term "direc- 
tional stability.” The directional stability depends on 
the ratio of stability in yaw to stability in roll, and not 
on stability in yaw alone. Were the present day knowl- 
edge available in 1923, the plane described above could 
have been very easily corrected by adding but 1 deg. of 
dihedral, which would reduce the stability coefficient to 5b. 

As the second example we will consider the flying boat 
“Malolo” designed by the writer and built by Edo Air- 
craft Corp. in 1927. The boat was designed for the 
specific purpose of experimenting with lateral controls, 
the object being to develop the machine which amateur 
pilots of little experience could use safely. It was realized 
by that time that lateral stability depends on the co- 


ordination of the stability in roll and the stability in yaw, 
but the quantitative knowledge of their relation was lack- 
ing. The machine was designed therefore as a braced 
monoplane, so that dihedral could be easily changed by 
using the bracing struts of different lengths. The stability 
in yaw could be easily changed by changing the size of 
the fin and rudder. 

For the first flights it was rigged with a dihedral of 
fi deg. and with the vertical tail surface of 19.6 sq. ft. 



It became immediately apparent, however, that such a 
rigging produced the instability classified .as “unstable 
oscillations.” It was necessary to control the boat all the 
time in order to fly on a straight line, and the controlling 
had to be done by the rudder. The use of ailerons did 
not help to' keep it on a straight course, and the less they 
were used the better it was. When all the controls were 
held in a neutral position at about cruising speed, the gen- 
eration and mechanics of the oscillations became quite evi- 
dent. The boat was observed to deviate from the straight 
course, banking more rapidly than turning, until it over- 
banked and sideslipped. Then it leveled out rather 
briskly and banked to another side repeating the cycle. 

the right and to the left apparently quite steady and per- 
sistent. without any tendency either to increase or die 
mit. The banks reached about 30 deg. Average direc- 
tion of the flight was maintained quite well, and while 
making these turns the machine felt steadier and more 
secure than in normal flight with its odd tendency to 
hunting. 




tan. 


«= — : — f » ■ — — 

/ : A 


FUj. 4. Front view of the Aeromarine mail plane .fM-1 


AVIATION 


Aeronautical Engineering Supplemer 


XV 


For the next experiment the dihedral was reduced to 3 
deg., the boat not being changed in any other way. It 
was found that it behaved much better, but not quite well 
yet. It is probable that were it tested first in this con- 
dition, its handling would be classified as “peculiar.” 
"so-so” or some similar vague expression. The test pilot, 
however, being familiar with all the symptoms from the 
first tests, detected them easily in this case, and was able 
to reproduce the oscillations. These, however, were much 
more gentle, the bank on each turn not increasing be- 
yond 20 deg. It was evident that instability was much 
less pronounced, but still remained of the same type — 
"unstable oscillations.” 

For a third experiment the vertical fin and rudder were 
changed, increasing the vertical tail area from 19.6 to 
27.8 sq. ft. Dihedral remained the same and the boat 
was not changed in any other way. The boat was found 
to be very good on lateral controls and was flown for 
several hours in this condition. During one of these 
flights with rather heavy load the boat was accidentally 
stalled during the climb and began to settle or sink. Quite 
rapidly it sank through some 150 ft. of altitude, hit the 
water on almost even keel and rebounded, all this without 
the least tendency to swerve or fall on the wing. It . 
really the lack of these familiar signs that allowed an 
experienced pilot to stall the machine. The use of ailerons 
and of the ruder was tried on very flat glides and they 
were found to be quite effective at low speed. This is 
particularly interesting, because while the boat had "un- 
stable” rigging, several pilots complained of very weak 
controls. It proves that it is unadvisable to pass judg- 
ment on controls, until the lateral stability is properly 
adjusted. 

Returning to the “coefficient of lateral stability,” we 
find that in its best, most stable condition, the boat had 
a coefficient of 44; in the second experiment, displaying 
moderate instability, the coefficient was 26, and in the 
most unstable condition it was 1 5. Thus we see that a low 
value of the coefficient indicates the presence of the type 
of instability known as unstable oscillations, and the high 
value — found in Mailplane AM-1 — indicates the spiral 
instability. In Table I we collected the data on a num- 
ber of airplanes for which we computed the coefficient 
of lateral stability. The airplanes arc divided in three 
groups — first one containing the machines definitely 
known to display spiral instability, the second one con- 
taining two cases of “Malolo” displaying unstable oscilla- 
tions and third is the largest group of 38 airplanes which 
are supposed to be satisfactory. Some machines in this 
group, such as Aeromarine E0 and De Haviland 4 are 
definitely known to the writer to be satisfactory, others 
are assumed to be satisfactory in absence of information 
to the contrary. As these machines were chosen at ran 
dom from the airplanes in use. one can expect the 
average value of the coefficient to be fair approximation 
to the best value. The choice of the airplanes listed in 
the Table I was limited to airplanes of American or Eng- 
lish manufacture, as the conception of the stability and 
the tendency of designers in these two countries arc very- 
similar. The French airplanes as a rule have very little 
dihedral, and we are inclined to consider many of them 
as spirally unstable. German designs show no definite 
tendency and their airplanes vary from complete lack of 
dihedral to very large dihedral. It is useless to consider 
the problem of airplane stability as something abstract. 
The opinions of the pilots on what is required in the way 
of stability depend on their training and their past experi- 
ence. We are concerned in this article with the definite 
problem of giving the rule for proportioning of the air- 
planes to satisfy the tastes of American and English 
pilots. In our study therefore we use the statistics of 
the American and British airplanes. 


Coefficient of lateral stability for several airplanes. 
Make and Model of Airplane Coefficient 

Spiral Unstability: 

(a) Aeromarine E0 — Exper. Large Fin.... 109 

(a) Aeromarine Mail Plane AM-1 93 

Curtiss JN-4 108 


Unstable Oscillations: 

(e) (c ) (a) Edo Malolo — Experimental 1.... 

(e) (c) (a) Edo Malolo — Experimental 2 

Supposedly Normal: 

(a) Aeromarine E0 — as built 

(a) Aeromarine E0 — Exper. large fin 

and dihedral 

(a) Aeromarine AMC 

(a) Aeromarine — 10 

Avro 504 

Blackburn — "Sprat” 

Boeing — Mail Plane 

Bristol — "Badmington” 

Bristol — Fighter 

Boulton & Paul "Bugle”. 

Consolidated PT-I 

Curtiss "Fledgeling" 

(a) Curtiss NO I 

(a) Curtiss HS-21 

De Haviland 4 

De Haviiand "Moth" 

De Haviland "Conberra” 61 . . . 

De Haviland 66 

(a) (c) (e) Edo Malolo— Fxperimental 3. 

(b) Faircy III 

Gloster "Grouse 11".. 

Gloster “Grebe II” 

International F-17 

(c) Lockhead "Vega" 

ic) I-one Eagle 

Marine Bomlx-r NBS-1.. 

(d) Mercury 6W-3 

Pitcairn "Fleetwing” 

Pitcairn "Mailwing" PA-5. . 
Pitcairn “Orowing" 

(e) Ryan "Brougham" 

SE-Sa 

(a) Short "Calcutta" 

Sopwith "Camel” 

(e) Stinson — SM-I 

(a) Supermarine "Southhampton" 

Swallow 1927 - 

<e) Travel Air 5000 


15 

26 

72 


Average for supposedly normal airplane 62 

Remarks : 

(a) Flying Boat. 

(b) Float seaplane. 

(c) Cantilever Monoplane — VS deg. added to designed 
dihedral to allow for deflection of wings. 

(d) One degree of dihedral is allowed for every 6 
deg. of sweepback. 

(e) Wing bracing struts are considered as lower wings 
at large dihedral. Only J4 of the area of struts 


We find that average value of the coefficient of lateral 
stability for the machines in use in this country or in 
England is 62. If we adjust the dihedral and vertical 
fin area in design of a new airplane to give the coefficient 
of 62 we can be reasonably certain that it will have the 
normal characteristics in respect to aileron and rudder 
controls, Certain amount of deviation is permissible, of 
course, and probably the range from 40 to 80 is perfectly 
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safe, it is the writer's belief, that it is not safe, how- 
ever, to go to the limit of variation shown by the air- 
planes listed in the table as supposedly normal. To start 
with, it is only recently that we began to understand cor- 
rectly the meaning of lateral stability. The lack of definite 
standard of comparison and the dependence on personal 
opinion of different pilots is responsible for wider varia- 
tion of characteristics of different airplanes than it is 
necessary. 

On the other hand we should not forget that in this 
method we took into account only two most important 
characteristics, and neglected seven less important ones. 
The variation in these neglected characteristics may 
widen or narrow down the range of permissible values 
in the coefficient of lateral stability. Thus Aeromarine 
AMC was satisfactory with coefficient as high as 85. 
while Aeromarine AM-1 showed marked spiral instability 
at only slightly higher value of 93. Aeromarine EO is 
satisfactory at 25, while the “Malo displayed unstable 
oscillations” at 26. We repeat that we can be reasonably 
certain only of narrow range near the best value of 62, 
but that we cannot deviate far from it, without risk of 
instability. 

We want to call the reader's attention to the fact that 
value of coefficient of lateral stability indicates the kind 
of stability or instability and not the degree of it. If the 
coefficient is low, the airplane tends to oscillate badly 
about the straight line of flight repeatedly crossing it, 
and it can be controlled best by the rudder. If the co- 
efficient is high, the airplane tends to deviate from 
straight path for good and to assume spiral flight. It 
can be controlled best by ailerons. Even if the coefficients 
do not deviate far enough from the normal value to cause 
actual instability, they indicate the nature of controls on 
turns, favoring the use of rudder in one case and ailerons 
in another. 

If the coefficient has normal value of 62, the airplane 
is stable in the sense that it has no tendency to deviate 
from the straight course on its own accord, and that use 
of ailerons and rudder is well balanced. Whether the 
airplane will return to normal flight after some disturb- 
ance or not depends on the actual amount of dihedral or 
fin surface, which control the degree of stability. 

The airplane with no dihedral and exceedingly small 
fin area may be proportioned to have the coefficient of 62. 
It will have then no tendency to deviate from the normal 
flight, and in calm weather it can be flown with hands 
off. On turns it has no tendency to overbank, neither 
has it any preference to correct bank. If it is disturbed 
by a gust of wind, or by a jerk of controls it will side 
slip or skid indefinitely without any tendency to right 
itself. We say that this airplane is neutral in regard to 
stability. 

The normal airplane must have fair amount of the fin 
surface, and the dihedral proportioned so as to give the 
normal value of the coefficient of 62. Then not only it 
will not deviate from straight flight on its own accord, 
but wilt return to it after each disturbance. On turns it 
will have definite preference to correct bank, and will 
assume it naturally, even if rudder and aileron move- 
ments are not properly coordinated by the pilot. It can 
be controlled by either ailerons or rudder, or by any com- 
bination of both. Not requiring very fine coordination 
of these two controls, it will be easy to fly. 

So, the ratio of stability in yaw to stability in roll, 
which we termed the coefficient of lateral stability, must 
have certain fixed value if instability is to be avoided. 
We suggest the fixed value of 60. The degree of stability 
is determined by actual amount of stability in yaw or of 
stability in roll. The designer can have here very wide 
choice of their amount. As long as the machine is stable 
and ailerons and rudder have thereby their natural 


effects, the degree of stability is of secondary importance. 
There is one condition, however, which leads us to choice 
of rather high degree of stability. This is the condition 
of controllability at the angles above stalling and freedom 
from incipient spin. 

When the airplane is stalled and reaches the angle at 
which autorotation is possible, the drop of one wing is 
accompanied by large increase of drag of this wing. This 
drag is further increased by lowering the aileron, when the 
pilot attempts to check the roll. Greatly increased drag 
of the dropping wing yaws the airplane to the same side, 
and the yaw generates additional rolling moment accel- 
erating the autorotation. These events follow one another 
in rapid succession and the deadly incipient spin devel- 
ops. Theory and practice agree in that incipient spin can 
be prevented, and the plot can retain the control of the 
machine, if the rudder is powerful enough to overcome 
the yawing tendency of the wing. It has been shown' 5 
that this condition is fulfilled, if 

[5] -ll 5 0.05 

where s — area of the fin and rudder in sq. ft. 

S — area of wings. 

b — half span. 

1 — distance from center of gravity to the center 
of pressure on fin and rudder, or approxi- 
mately to the rudder hinge. 

This expression calls for somewhat larger fin and rud- 
der area than is found on most of the present day air- 
planes. 

We suggest to the designer, therefore, to choose the 
area of his vertical tail surface from the consideration of 
controllability at low speed and at the angles above 
stalling, using formula |5], Once the area of the ver- 
tical tail surface is decided upon, the amount of dihedral 
needed for stability can be easily determined from the 
formula [4]. Let us assume for example that we are 
laying out the design of an airplane and have decided 
already on the wing area of 300 sq. ft., on the span of 
32 ft. and on the length of tail from center of gravity 
to the rudder hinge of 15 ft. Let us assume, moreover, 
that side area of the fuselage is equal to 60 sq. ft., and 
that nose of the fuselage projects 7 ft. ahead of C.G., 
making total length of fuselage, including propeller spin- 
ner, 22 ft. The center of pressure on the side of fuse- 
lage we will assume to be at 25 per cent, of its length, 
i. e. 5. 5 ft. from the bow or 1.5 ft. ahead of center of 
gravity. From the expression [5] we have: 


0.05 x 300 x 16_ 




K+Z 

from expression [4], substituting 0+0.5 instead of 0 
and K=60 as explained above, we have 

0.030 x 16 x 15 — 0.015x60x I.5., . n ^ 


60 =- 


0.063 x 300 x 16 x (0 + 0.5) 


181440 = 72000 — 13500 — 9070 < 49430 

0=2.7 deg. 

Thus we find that our airplane should have the mean 
dihedral of 2.7 deg. and the vertical tail area of 16 sq. ft. 
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